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Introduction

In September 1991, a previously established working group convened to discuss aspects of hyperbaric
medical care for the Space Station (SS). A vigorous extravehicular activity schedule planned for SS
construction and maintenance led to the inclusion of an on-orbit hyperbaric treatment facility known as
the Hyperbaric Airlock (HAL). This presented several technical and procedural challenges requiring
expert consultation. The Ad Hoc Committee for Space Hyperbaric Medicine, which had been involved
since the early planning stages of the Space Station, had been formed to address these issues. Seven
highly experienced and world-renowned specialists in hyperbaric medicine and decompression related
disorders, representing a wide experience base in the aviation and undersea environments, have partici-
pated. This latest meeting at the Johnson Space Center, which involved five of these specialists, was the
third convening of this group. The meeting enjoyed heavy support and participation from local hyperbaric
and space medicine specialists from the NASA community. Specific topics addressed included the risk of
on-orbit decompression sickness (DCS), treatment options for DCS on orbit, overviews of the HAL layout
and operation, crew duty constraints following DCS, and specific hazards of hyperbaric treatment on
orbit. Over the course of several formal presentations and panel discussion, decompression disorders and
the role of hyperbaric medicine in manned space flight were covered thoroughly. These proceedings
reflect this enormously productive meeting, and will serve as a benchmark for further work in this highly
specialized and critical aspect of manned space flight.

ix






Space Station Hyperbaric Medicine Ad Hoc Committee Meeting

September 26-27, 1991

DR. MICHAEL

BARRATT: I'd like to introduce our committee members quickly. It seemed appropriate at
this time to combine the two committees that have been involved with the hyper-
baric aspect of the Space Station, and those that have been the Safety Committee
and the Ad Hoc Medicine Committee per se. Now that we’ve somewhat solidified
the major design aspects of the hyperbaric airlock (HAL), we're going to define the
operation ~the best use. This is, in effect, a conference of users who will be defin-
ing how we’re going to optimally use the product. We had seven members we
tried to get together; we had two who couldn’t be with us: Dr. Hallenbeck and
Dr. Flynn. They've been apprised of our proceedings and will be getting input

by the mail.

First, 'd like to introduce Col. Thomas Workman. Col. Workman is an aerospace
physiologist. He’s been a full-time hyperbaric aerospace physiologist for the last
11 years or so. He is currently Chief of Hyperbaric Medicine at the Air Force
Hyperbaric Center at Brooks Air Force Base. And, he’s been involved in this

committee since 1987.

Dr. Alfred Bove has extensive practical and research experience in hyperbaric
undersea medicine spanning military service with Navy diving operations to
bench-level research in diving physiology. He’s on the editorial board for sev-

eral prominent medical journals and has participated in several national and



BARRATT:

(Cont’d)

international committees on physiology, medicine, and safety in the hyperbaric
and marine environments. He’s currently Chief of the Cardiology Section at

Temple University.

Mr. Steve Reimers: Mr. Reimers has a background in mechanical engineering.
He has concerned himself with safety and engineering evaluation of countless
hyperbariec facilities and hardware components. He was the past project officer
for the Navy experimental diving unit and provided all construction and engi-
neering services related to the design and layout of the man-rated chambers at
the Naval Medical Research Institute. He’s published extensively on chamber
design, environmental control systems, and component evaluation, and he is

currently the owner and chief engineer of Reimers Engineering in Arlington.

Dr. Hamilton: Dr. Hamilton has used his background in physiolegy and
biophysics in extensive application to diving and aerospace environmental
physiology, and has a particular interest in decompression, breathing gases,

and effects of pressure. He served as a fighter pilot in the Air Force and Air
National Guard, and earned the Distinguished Flying Cross in Korea while

also solving ejection system equipment problems. He has developed numerous
and creative decompression tables for specialized applications, including work-
ing on our own hyperbaricairlock. He is currently the principle of the consulting

firm Hamilton Research, Ltd., in Tarrytown, New York.

Dr. Pilmanis: Dr. Pilmanisis a Ph.D. in physiology. He specialized in aerospace
physiology and is currently chief of the high-altitude protection function for the

U.S. Air Force Crew Systems Division at Brooks Air Force Base. He has done



BARRATT: extensive research in altitude decompression sickness - in particular ebullism
(Cont’'d) and, most recently, denitrogenation at altitude. He is a former Director of the
USC-Catalina Hyperbaric Treatment Facility and has extensive practical

experience in the treatment of air embolism and decompression sickness.

With that, I'd like to go ahead and get started a little bit early. Dr. Charles
Lloyd, who is the NASA project director for the Health Maintenance Facility,
will give us an overview of the current Space Station configuration as a result

of recent restructuring.

Overview of the Current Health Maintenance Facility

DR. CHARLES

LLoYD: Good morning. It’s welcoming to see some old faces and many new faces repre-
senting NASA. I appreciate that you folks took the time to come in and talk
about a very important aspect of medical care for Space Station Freedom that,
so far, has survived and stayed with the Station. I'm going to talk about some
of the restructuring aspects of it. There has been a fair amount of time and effort
directed at making sure that we keep the medical aspects in place. We have good
medical care for Space Station Freedom as well as for projection to the advanced
programs for lunar and Mars and so forth. There have been many changes, not
only in the Station but in personnel. Mike Barratt is now representing KRUG
Life Sciences for hyperbarics, and there are several old faces in here: Before him,
it was Bill Norfleet; over on the other side, Barb Stegmann by him; and you didn’t

see me at the last conference because we had Joe Boyce at the helm. So, we’ve



LLOYD:

(Cont'd)

lost a fair number of folks, and we all define the hyperbarics area. We havea
changeover in many other positions — such as Jeff Davis as branch chief. We now
have Roger Billica as our branch chief. There’s been a restructure of SD2, the
Medical Operations Branch, and of Space Station folks in this particular area.
The restructure of Station is even more fascinating. We have had a restructure
of turbo, scrub; I think they're running out of words, so that means they have to
lock down now. And, I'm really happy to see that; but there is one on the fore-

front out there.

I like to watch The Weather Channel. You know, the weather changes every
day; and Space Station is sort of like that. The latest is a 90-day Orbiter we’re
going to reconsider — it was considered in the past, and it’s being brought up
again. So, in light of everything you're going to hear, there’s something I'm not
going to talk about. That is this 90-day Orbiter Program, which I'l] highlight in
part where it would stop us in the development of Station for a while. But with
that aside, let’s take a look at the handouts (FIGS. 1, 2, and 3). Before we went
through scrub, turbo, and so forth, we had the following layout: There was a first
element launch in March of 1995. Now, I'm too old for this program because I re-
member when first element launch was in 1993. And, I had slides that said the
whole Station was going to be up in the early 1990s. 1t is refreshing to see that
first element launch in the program says, “We've got to get it off the ground;
we've got to go forward, so let’s not move that date”; and that has remained the
same. One of the subtleties, however, is that the complexity of what first element
launch will be has been downsized. Back in the old program, we went to what
was known as man tended and, in this particular phase, there was going to be

a short period of time in which you see us going to permanent manned — it really
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LLoYD:

(Cont'd)

was about a year in length — and there was no major human activity on board.
Therefore, in the old program we considered the Health Maintenance Facility,
crew health care systems, would come on board at PMC, and that’s fine. There
was no particular problem with that. It finally would end in about mid-1999 with
the assembly complete. This is where we would have a full crew compliment of
up to eight personnel. What has in fact happened is they’ve scrubbed down the
man-tended phase. They’ve kept it about the same — maybe a 6-month slip here
- and, in this configuration, they were going to stay like this for about 3 years
now (not 1 year). To get better detail in terms of how they’re building it up, going
from first element launch up to man-tended launches are called mission builds.

There are six of them to get you into this configuration.

As we discuss hyperbarics over today and tomorrow, we are more interested

in mission build 7. MB7 brings up the airlock, and I've added a couple of extra
photos at the back end of the handout that show you the layout of what it will
look like at MB7 without the truss network (F1GS. 12 and 13). In this configura-
tion in man tended, there will be one lab — it will be called a “lablet.” [ had to
change the name because it’s not the same size anymore, so they’re not “HABs”
and “labs.” They’re “lablets” and "HABIlets,” and you take two to make one and
so forth. You have one lablet and you have a node, and you will have the airlock
at MB7. Because you're staying in this phase for 3 years, we made a push to
bring on aspects of crew health systems, environmental health, and the Health
Maintenance Facility, and to bring them up from man tended. I'll highlight some
of that equipment. So, that’s a big change for us. We're going to phase in medical
care, something that was not really believed in back in 1987 and earlier pro-

grams. We felt then that it was a house of cards: "Put it all up, or nothing” and



LLOYD:

(Cont’d)

[Break in tape.]

LLOYD:

make sure of what we're doing there. Regarding the permanent manned
capability: Here again, it looks like the old PMC. It’s not as big, and I'm going

to show you the differences between the two PMCs. You'll notice one other thing:
there’s no “assembly complete” anymore. It's now called “post-PMC,” and that
means, when it goes off the vugraph, there’s no funding for it. I'm going to show

you what we lost in that.

A comparison at PMC is very helpful because it tends to tell us what we're up
against medically. To go from MB1 through MB6, I should make a note that
you’re doing up to two to three 2-person EVAs per mission build. And, those are
planned. So, you've got a fair amount of EVAs, you’ve got a fair amount of con-
struction, and you will be doing your laboratory activities at MTC. So, that’s the
workload and the characteristic of what happens in that earlier phase. When you
look back to the PMC aspect, what in fact has happened is that we’ve shortened
the truss network, although I'm not sure what that means to us. The number of
assembliesis reduced slightly. AsI mentioned, they went from naming of "HABs”
and “labs” to "HABIlets” and “lablets” because they’ve been reduced from 13.41 m
(44 ft) down to about 8.23 m (27 ft). And, the reason they did that was so they
could integrate them on the ground and bring them up loaded. That is a good
thing. There is 2 major concern about what we were going to do with a lot of
onloaded construction in assembly on the internal aspects. We reduced the
number of nodes by two. We reduced the cupolas, which were the large obser-

vation viewing ports, from two to one; maybe you’ll have access to go into one



LLoYD:

(Cont'd)

of those when you go over and tour the site. You can see about 50 to 60 m away

from the Station for docking purposes.

The international partners are still with us. That is a strained relationship by
far because we're changing our program: not to their liking in many cases. We
reduced our assembly flights; we’ve reduced our crew size, from a possibility of
eight down to four crew members. That’s probably going to hurt our internation-
als more than it will hurt us, because there’s always a percentage of activity in-
volved with the production on the Station. And, the power’sdown. Thatisalsoa
disadvantage to us because, for the investigators and users inside that Station,
power is critical, and we’re not the first ones as investigators to get power. We're
actually, in fact, the last ones to get it. And, if you watched any portion of the
Space Life Sciences (SLS-1) mission last June, when it was in flight they had to
be very concerned about the amount of power used or they were going to do ab-
solutely nothing on their last day. So, there’s always a concern over conserving

that power to continue activities.

Here, you have the lablet, or Lab A, and the node (FIG. 3). You probably do not
get a good appreciation from that view that you have there of where the airlock
would connect. This is MB6. MB7 is when the airlock comes up. I told you that
medical hardware was going to be phased in, and I think Mike and other personnel
may come back and talk a little bit more about the actual hardware itself. This
aspect I'm excited about because this brings us help in the program. It doesn’t
push usout. And, I think that I have a large crew of people that are getting tired of
writing requirements and not seeing something come for it. In the phase program

- if you may, bear with me —it will be more of a get-and-go. It's an expanded

10



LLOYD:

(Cont'd)

Shuttle Orbiter Medical System (SOMS) kit. But it’s much finer than a SOMS
kit ever thought of being. Idon’t say that with malice to the Shuttle Orbiter
Medical System; it was designed to do a job and it has done it. But, it was
designed to support ambulatory care, limited duration stay, and first start

(meaning “injection of medications and bring them home”).

In this particular program, one of the components is the advanced life support
pack that can be redesigned for PMC (FIG. 4). It will be reconfigured on the in-
ternal aspects so that it’s user friendly and so that we, as medical personnel, can
change it as much as we do the SOMS kit. In the Edge are your physician’s in-
struments, some startup fluids such as you might have on an emergency medical
truck for first response. We’re going to bring up a defibrillator - the Lifepack-10
is the design unit — and a ventilator. We have switched from the Siemens, along
with other very advanced ventilators, back to the minitransport ventilators
(possibly a Bird or one of the other little ones that are again fairly simplistic to
use; they’re pneumatic in nature). You notice that we reduce our power, reduce

our weight and volume, and so forth, which are all critical.

I've had a heck of an education. I worked ICUs for 3 or 4 years, butthenIhada
fair number of intensivists and other people come to me and I would say, “Well, if
I had some extra space, what do you want up there?” “How about if I have a little
enlarged space? Fluids!” It became very clear what was needed if we were going
to do a first response, because we’d like to have as much fluids as we could feasi-

bly get. We brought up 1 ft®~that’s about 12 L; the ALS pack has 2 L more.

11
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LLoYD:

(Cont'd)

The crew medical restraint is a system for MTC. It’s folded very nicely. It prob-
ably could go across the front end of the windshield of your car. He’ll show that to
you. Itis anincredibly different design from what we flew on SLS-1. There may
be some stories that can be told; it’s not preplanned to talk about medical restraint.
I know for sure that Mike Barratt’s got a heck of a lot of stories about what hap-

pened with the other restraint system.

Portable oxygen supply: This is not to support the patient for the entire duration
of medical care at MTC. 1t is simply to move the individual from point A to point
B; that’s it. So, we’re going to look for other sources of oxygen in the event that
we need to ventilate our patients. Other aspects are what you folks are going to
talk about: it’s the hyperbaric airlock rack and the built-in breathing (BIB) mask
system (I think there’s a new name; Mike Stolle tells me all these new names and
I keep forgetting them). But, that has not changed; it just appearsin MB7. As
you tour through the mockup here, it will be important for everyone to get a feel
for the change of where HMF will be during our medical activities. We're not in
the HAB module anymore, and | can’t remember if that had happened the last
time you were here. Once we had moved to the node (FIG. 5), a couple of things
happened. Number one, we did that because our prime contractor owns the nodes
and we have better control of it over here at JSC. And that’s, quite frankly, an
important step for us. The other aspect is: There is enough pressure to move us
out of the HAB module from the astronaut corps, who didn’t feel they wanted us
between the living quarters and the galley. It would make a fairly cluttered
area, and I think, if you folks get an opportunity to ever see one of the simula-
tions happen — Smith Johnston is in charge of our simulations — you will see that

it gets to be fairly busy and we really tie up that area.

13
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LLOYD:

(Cont’d)

It’s a fairly interesting environment to perform éimulations in. The MRS that
they will show you ~ the medical restraint system — is laid out here, showing how
you'd have restraint over the body itself. It’s a pliable type of material, but I'm
not going to get into that to any great extent. It has restraint systems that Mike
is very proficient at talking about to restrain the medical officer, your patient,
and your equipment. It lays out on any one of the surfaces; all that is in a stowed
configuration right here, right along the upper portion along the side wall. And
predominantly at man tended, it's environmental health monitoring equipment;

it’s not medical equipment.

The essence of what is going to happen at MTC, as I said then: if you havea
major medical event, you activate the HMF. All other medical activities for
13-day missions with crew sizes up to eight — if you come up in the Orbiter, and
the same going home — would be your headaches, coughs, other aches and pains,
with treatment out of the SOMS kit. You do not activate HMF at man tended
unless a major medical situation has occurred; you stabilize the patient, wher-
ever they are. You can bring them back to the node if you feel that is the appro-
priate thing to do, or you can move them straight on out to the Orbiter. You can
stabilize them there, get them ready for the trip home, and they come home. The
contingency scenario is 24 hours from start to finish. That’s all we have for that

phase.

Now back to what we're used to, and that is a permanent manned configuration
(F1G. 6). Crew size is now at four; and, as you can see, the Orbiters are parking
over here where there used to be nodes set up. Now there are just docking ports,

and you would move right into the module itself, either into the HAB or the lab ~

15
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LLOYD:

(Cont’d)

or HABIet, because it’s half size, so the crew size is four, and that’s what that

really means. So again, you can start to see how your scenarios would work.

When we get to permanent manned, what would appear here is that you would
have added on assured crew return vehicle (ACRV). It would be one of these, and
I'm going to show you that last in this presentation. But also, we wanted to ex-
pand our care and we have now determined that we’d like to maintain our patient
there for up to 3 days and then, if need be, transport. It gives us a little bit of an
added window; if there’s a potential chance to pick up a Shuttle and bring them
home, we would. We would only use the ACRVs as a last resort, and that we were
in fact running out of time for convalescence on the Station. This tends to show
you what comes up, and if there’s anyone who’s very proficient in the room on all
the components of HMF, we miss a few here (FIG. 7). I'm really trying to focus on
the hardware aspects because the last vugraph [ have here will demonstrate

what we do not have anymore.

During PMC, we now begin to do IV therapy. This is where we bring up our
pumps and formulation devices, and we make our own sterile water and solutions;
we’re not depending upon packaged fluids anymore. We expand out the physi-
cian instrument care, dental care, surgical instrumentation, all independent of
Shuttle now. So, we're beginning to separate those programs simply because
there is going to be a period of time that the Orbiter would not be attached. We’ll
begin to introduce our medical analytical laboratory capability — for doing stand-
ard chemistries, blood gases, and so forth. Other monitoring equipment will
come up, such as pulse oximetry for some of your advanced care of the patient

here. One thing that is missing is the patient monitor. We're going to have to

17
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LLoYD: do that through the transport monitor or the defibrillator in the monitoring mode

{Cont’d) at this phase.

We expand out our lighting capability and imaging capability, and we bring

out the second ventilator. It'll be the same type of ventilator that we had at

man tended - it’ll be the the little Omnivent or Bird transport ventilator, or
whatever. So you’ll now have two, they will be identieal, so it improves our
situation in terms of criticality and redundancy. We simplify the aspects in
regards to the crew member who doesn’t have to train on two different types of
ventilators. Another aspect that is an advantage in this configuration: You're
there for 3days. You're not up there for the old philosophy of 45 days for weaning
and other more complex respiratory support needs that might be necessary to

consider.

Other surgical equipment becomes more prominent at this stage. Devices such
as the cardiac compression assist device appear. Our transport capabilities im-
prove. But, interestingly enough, at man tended, we were doing it without these
items. We were transporting without that aspirator and without that monitor.
So, we're not quite sure what’s going to happen to a couple of these components.
They may or may not be necessary. You're left in the program to allow us some
freedom as we begin to activate the hardware built. If we feel there are some
changes that are necessary, it would be this type of equipment that might be
attacked. And, the crew medical restraint system will be expanded or improved.
It may not be flat anymore; it may be up in the air. So, you have more ofa one-g

access. Yes?

19



DR.R.W.

HAMILTON:

LLOYD:

HAMILTON:

LLoYD:

Excuse me. Is this imaging system an X ray?

Or, is it guided?

That’s a good point. No, Bill, that’s the macroscopic imaging system; it’s video. It
is simply to hook up and give you a visual link of what you would be doing as the
crew medical officer in support of the Space Station Control Center where flight

surgeomns are on console.

At this phase of the program, HMF looks something like this (FIG. 8): It’s one
single, double rack that’s 13.41 m® (44 ft*) of space. Predominantly, it would
carry stowage on one side and more of your instrumentation may be on the other
side. Your interfaces for power and so forth will be up either at the bottom of a
rack or below the rack or however the engineering aspects have been offered to
us. In these configurations — and that simulation scene has come back — you take
a look at, if you had to do a particular scenario, what are the issues that we need
to worry about? Are we getting tubes and wiring all mixed up around our patient?
Do we have good access? And so forth. And, all that has been going on as they

continue to develop these layouts.

1should say, through any and all of the development of hardware over the next 5

or 6 years, we’ll mount a certification team working in harmony with the medical

simulations team and the operation personnel - which is really beginning now to

20
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FIG. 8 CHeCS PMC HMF rack configuration (preliminary)
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LLOYD:

{Cont’d)

expand under Kyle Brantley’s group. Those three groups are going to work in
harmony in terms of saying, the hardware is very similar to what we use in the
terrestrial setting, and that we have a good medical confidence that’s going to
operate in the same fashion, the same level of reliability; that it is laid out human
factors wise, the medical human factors aspects, and that it is appropriate the
way it's been set up. The operations team will begin to really pull and consider

what is needed and what steps are required to perform any one step.

Figure 9 shows the hardware and system losses to the PMC program, which

will hopefully re-emerge as post-PMC phase additions. Regarding the X-ray
machine: Diagnostic radiologic imaging system, the infamous DRIS, that has
lived with us since the mid-1980s has been put on the shelf for the post-PMC era.
That doesn’t make me happy. I do not like losing hardware, but no one asked me
ifI had a real opinion on that. Everyone was scrubbed. I'm not the only one that
was reduced; environmental health, exercise, your data management systems,
your power, everybody got hit. So, that tends to make me feel a little bit better,
in that misery loves company. Losing my X-ray system was one of those items.
We gave up one of the IV pump systems since the pump systems we’re using have
two heads, two pairs of supplemental heads on them already. We gave this up
just because of some redundancy problem without having the two units. We've
given up some of our air-fluid separating capability. With the invasiveness and
types of things we might be doing with our patient, we fill the use with mechan-
ical and transport aspirators. But, the actual complexity of being able to take

fluid, separate it out from the air, and recycle or something is being shelved.
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LLoYD:

(Cont’d)

The patient monitor was another major loss to us: a very large box, but it tends
to have a fair amount of software and capabilities to configure your transport
monitor info the proper setting. That was the problem. Asitis now, we have to
somehow get our transport monitor configured by another computer system to do

what we wanted to do.

Another desired item that was lost is a computer system for medical care. It

has not been baselined. We're fighting very hard to bring that component back.
We do not feel that we can take a crew medical officer up there without optimal
resources. Even if he was a physician, surgeon, or so forth, I think they would
want some medical support in terms of computers. At least in terms of data files,
library, and so forth. Qur chances of having MDs flying on that are probably
minimal until we get further along in the program, so we're going to have EMT-
level personnel. I think we need to provide them with the best support that we ~—~
can. The computer system hopefully will come back and reappear on that other
list. Other types of equipment that we’ve lost: a coagulation analyzer, and more
advanced surgery capabilities for the overhead canopies and abilities to contain
the environment itself. We’ve lost advanced nutritional care, and we dropped the
electronic stethoscope. We assume that the crew medical officers are on their own.
A whole series of equipment was deleted right on down to very small things that
are critical, such as peripheral nerve stimulators. Some of these things may come

back. They tend to be like the tide; they sort of shift back and forth.

Actually, one of the most exciting things — I think the last time you folks were
here, at least for the hyperbaric conference, is the ACRVs (FIGS. 10 and 11). They

didn’t exist or it was a dream. I have almost lost my thunder, because I really
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LLoYD:

(Cont’'d)

want to say, "Here it is; it’s going to be with us,” and we do have that capability
to come home for either crews of four or eight. We may not, if the 90-day Orbiter
system goes up. It may freeze this earlier than PMC in the development. That
won’t hurt us, maybe, in some aspects of the medical care that might be there.
We do not know; it’s been undefined. And for sure, they would not bring up the
ACRYV because they would have the Orbiter attached. The ACRV looks very
much like an Apollo capsule — only a little newer in its design — and would be
attached to the Station. There would be one at PMC, and there would be two at
the post-PMC configuration. With the crew of eight, we’'d need two of them; they
are designed to carry four people. Inthe event that they needed to utilize that
vehicle to bring home an injured or ill crew member, they may all come home. It
may be a policy that, once the ACRV is gone, you have to evacuate the Station.

There is no other way off, so we may bring the whole crew back.

Because CHeCS and HMF were fairly well developed by the time the era of

the ACRV began, they are coming to us and looking at what our needs are for
bringing ill or injured crew members home. So, one of the couches will be properly
designed to take a crew member that is ill; also as a consideration, they may have
C-spine or other injuries that would require them to stay very flat in the config-
uration. We'd load them in; we've gone through the scenarios — egress and
ingress, and this thing would be released from the Station, would reenter the
atmosphere like the old Apollo capsules, and would land with chutes. And, I
always keep asking, "People, will it be a water landing, or will it be a dry land-
ing?” They say, “Well, Chuck, just go get that photo and it tells you.” I went and
looked at this photo. You can probably see it better on yours. It's a swamp! Sol

guess it’s either a water or a dry landing. You know, it's a little bit of both.
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They’ll land somewhere, and we would pick them up and bring them home.
There are of course the added concerns we have there of the g-loads that might

be inflicted upon your ill or injured crew member.

So with that, I think in very short order I'm telling you that we have a major
change in our programs, that we have survived a big, big restructuring program.
We have taken our losses of 14 to 19 components of hardware that have now gone
by the wayside, and I declare that, simply because post-PMC, when I see money,
maybe I'll see them come back. Our duration of care is very far from what Dr.
John Schulz — who was one of the early folks on the HMF group - is used to; this
was a 45-day care scenario; that is not in the wings. Maybe it'll come up in later
programs. Ido not think that we have attempted to change some of the impor-
tant aspects, though. I think we will continue to bring up hardware that’s never
been there before and determine that we can do medical care - advanced medical
care — in a microgravity environment and in very close quarters. Hopefully, we
will not have any major events in the duration of our care for the safety of our
crews. But if we do, I think that we can still successfully do an excellent job in
providing what is necessary. I once again am glad to see each and every one of
you here, and I hope that we come away with some important comments in re-

gards to the hyperbaric capability. Thank you.
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BARRATT:

Space Station Freedom Man-Tended Capability (MTC) Phase

Medical Hardware Review

This will be a bit of a show-and-tell session about the man-tended capability
hardware. I think it’s pretty clear that the Station is planned to be an evolving
facility, and the medical care facility is to evolve along with it — our capabiiities
are to advance as we get more crew members, more power, and more sophistica-
tion. I won’t talk about the 90-day Orbiter plan with the exception that, it may
very strongly drive our medical hardware. We may be stuck or suspended in an
MTC capability for an extended period of time — that being the philosophy of
load and go. We would not be maintaining patients who are critically ill, for
instance, on station for the 3 days of PMC or the 10 days of EMCC that was
previously planned. So with that in mind, we would maintain the ability to
deliver acute care, ACLS, etc., and maintain that for an extended number of

crew members but also for an extended amount of time.

Now, the hardware. For the committee members, I think you’ve got some
descriptions of that in the JSC-31013 requirements document. The medical
restraint system, which you've seen some pictures of that Dr. Lloyd mentioned,
is something that is very much in the development stage right now. Everybody
recognizes the need for the restraint system to put the patient, the CMO (the
chief medical officer), and the equipment in the same inertial reference frame.
We can do no useful CPR, for instance, unless the patient is tacked down — quite
securely, quite quickly. And also, this would be a transport vehicle. We need to
transport the patient and equipment, again together; and, as such, we'll have to

interface with whatever vehicle brings the person home — the Orbiter or the
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ACRYV. Thisis the current generation MRS. The next one is on the drawing board.
This is to be a rapidly deployable system that can be rapidly destowed and attach-

ed to seat tracks on the floor of the node at predetermined positions.

Now again, we’re totally driven in our medical requirements by the ability to re-
strain quickly and thoroughly. We've done several simulations — I mentioned Dr.
Johnston is our local simulations king —both in the one-g and zero-g environment
in parabolic flight, again trying to nail down how fast we can get this thing de-
ployed and how fast we can get a patient or an ACLS mannequin onto it. For the
purposes of Station, we have to bear in mind that we cannot do CPR, we cannot
defibrillate until a person is actually restrained on this device. We'll have a bi-
layer restraint eventually, something that will insulate the restraint against the
Orbiter or the node floor. (We don’t want to deliver too much electricity through
the Station.) And, it will also be necessary to have the crew people actually re-
strained clear of the patient during defibrillation. We will assume that the fabric
top would be saturated with body fluids and be a conductive surface, and that will
drive the requirements. There’s a preliminary suggestion that, because of electro-
magnetic interference, there will be time periods where we'll have to waive the
requirement to defibrillate on station because of the sensitivity of the avionics.
So, there are a lot of considerations for us in trying to design our system and

baseline our outlook.

We've recently done some modifications to ACLS protocols that adapt them to the
microgravity environment. We did some tests on the KC-135. One of the things
we found out is that we need to get this deployed much more rapidly. We were

not able to actually get a person down on this thing and administer the first
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shock before 4 minutes or so, and that was as a result of a well-choreographed
exercise. Again, the training of the chief medical officer is yet to be determined
but will probably be no greater than a paramedic level, and that may be some-
body who is an astrophysicist who we actually take and train rather than some-
body who’s had extensive experience. So, we want a very user-friendly system,
something that’s rapidly deployed and actually may even be stored in the par-

tially deployed position so we can whip it out and get somebody on it.

We have the standard Lifepack-10 defibrillator, which 1 did not bring up here.
Again, everything we pull out has to attach to the CMRS so it doesn’t float away.
We are coming up with various systems for attachment. And, of course, paddles
are not useful. We don’t have the ability to apply the 25 lbs of pressure like we
do down here, so we use adhesive pads and the paddles will be removed from the
Lifepack-10. There will be a data management system interface, so whatever
rhythm is monitored on the Lifepack-10 will be downlinked. However, I must
emphasize that we do want an absolutely autonomous capability. During loss of
signal or other breakdowns in communication, in the heat of battle, we want to
make sure that the capability for delivering acute care that we have required is

totally within the confines of the Station, both personnel- and equipment-wise.

Portable oxygen supply: Again, a very transient supply, as Dr. Lloyd was men-
tioning. The idea is to deliver oxygen to the airway, to the endotracheal tube via
the Ambu Bag, and power the ventilator, and no longer than an hour. This will
get us into the Orbiter, into the ACRV, or whatever we have to get us down, and
this is baselined for the man-tended capability. This, of course, also has to be

restrained.
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Now the ventilators — I'll show you two (you may or may not be familiar with
these) — the two that we’ve been testing most recently as candidate ventilators.

I think it’s safe to say that our selection process is absolutely driven by the
hyperbaric performance of these ventilators. And, this is an issue that we’ll be
soliciting feedback from the committee members on extensively over the next
couple of days. The Stein Gates Omnivent (both of these are time-cycled pfessure
ventilators) is a relative newcomer with very little actual published hyperbaric
data and experience. We've had some problems in keeping this thing stable as
we descend to pressure. The control inputs are extremely fine and close together;
it’s very difficult to adjust on the way down. It’s very light; it’s very transportable;
it’s capable of delivering the ranges that we require at pressure, and we’ve tested
it down to 102 fsw. But again, a lot of problems with adjustments and, again,
we're considering a CMO and maybe an astrophysicist on the way down trying

to adjust this ventilator and tend the patient at the same time.

The Bird TXP: Also somewhat of a newer ventilator. It has a proximal source
pressure regulator; this little magic device is the Phasetron, which is the actual
breathing circuit. And it’s very light, supposedly very crash resistant, and is
very user friendly. I would say that, as far as adjustability and availability of
controls, this one is much more amenable to the common user. We expect, ob-
viously, a low occurrence of use, and we don’t expect a high proficiency on the
part of the person who may be running this — and that’s a very strong driver in
selecting this one. However, at this time, it is not capable of delivering the range
that we require. When we start this thing out with a tidal volume of 1.5 L at sea
level and dive to 80 ft as we did yesterday (Mike Stolle and myself}, the delivered

tidal volume decreased to the mid-200 cc’s. So we have some problems here.
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DRr. JOHN

SCHULZ:

BARRATT:

SCHULZ:

We’re in contact with manufacturers of both of these, and modifications are being
looked at. Again, Bird TXP is much more user friendly but needs to expand to
cover the range; Omnivent is much less user friendly, or what I would consider

user hostile, but is capable of delivering the range.

The last bit of hardware at this point is the Ohmeda Respiratory flowmeter,
which is a modified version of what’s often seen in the anesthesia machines, in
the anesthesia circuits. It’s a very nice little flowmeter, and we've had very good
success with this one. There are minor exceptions. It’s very amenable to data
management system interface; it’s got a port in the back, and we just have to
modify the signal input. It’s capable of quickly giving us tidal volume and minute
volume, and also has the added capability of pulmonary function tests. The pul-
monary function test equipment for spirometry for investigation purposes has
been removed and this may give us some capability to do some investigations

as well. So, this is our hardware. I'll take some questions, and then I'd like

people to come up and take a look at it. John?

How about pulse oximetry?

Pulse oximetry was not actually baselined for MTC. That would go on the trans-

port monitor with us into the chamber eventually, during PMC.

Aren’t they adding, at the most, rescue squad oximetry?
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Apparently, pulse oximetry and end tidal CO, are showing up more and more
commonly in rescue squads and transport scenarios. So, the answer is, Yes. “Do
we have it?” No. There’ll be a lot of presumptive treatment decisions up there.
The skill of the CMO is going to be paramount. We’ve taken upon ourselves to
define the capability first: The capability is to deliver advanced cardiac life sup-
port. Of course, from that we have to match the hardware and the capability of
the CMO. So, our hardware selection is going on parallel with our plans, our form-
ulations for training the CMO to deliver the required capability. This entails lots

of simulations, lots of hardware evaluations.

If we have to measure blood pressure?

I'm sorry. The blood pressure cuff is in the ALS pack.

This is the ALS pack or advanced life support pack. This contains almost every-
thing you would need to run your standard code. This is similar to what the para-
medic might have in the field. Everything is subpackaged, such as the emergency
drug kit. Everything can be destowed and restowed quickly. And, in our simu-
lations, we found out that it’s really in the CMO’s best interest when he pulls
something out to actually take the time and put it back, for two reasons: there’s

a lot of trash floating around, as you all know, from a cardiac arrest. There’s just
a lot of trash generated on the floor, on the bed, needles stuck everywhere. Inour
case, they'd float away, they'd float around. So, it's worth the time to restow it.

Second, you may need it later.
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The airway kit contains all airways, nasal and endotracheal intubation sets.
Everything is here that you would need to establish an airway. The one thing
that I would mention that the simulations have shown us: It's much easier to
establish an airway than to start an IV. IVs involve a lot of subpackage com-
ponents, lots of trash, a lot of hand motions. We’re trying to design a new system
that will give us more rapid IV access. But, the endotracheal tube and airway
management is really emphasized. It gives us a route of drug delivery and our
protocols have changed somewhat accordingly. So, the airway kit will come out

very quickly and, hopefully, will be restowed very quickly.

There are also tracheostomy kits in here. IV fluids: Again, lots of small compo-
nents to have to put together. We’re working on a system that would come out as
a unit that would include a non-patent system incorporating the fluid bag, the
angiocath, some kind of pressure delivery system that would double as a tourn-
iquet, and attachment systems. Essentially a quick, anicubital access that we
could leave in there and establish a firmer IV at a later time period. Other equip-

ment is here: blood pressure cuff, stethoscope, scissors.

One of the other things that we have determined after running our code is that
very small things in the pack that smooth out our process — such as placement of
the stethoscope — matter a great deal. Since we're emphasizing the airway kit,
we'll probably be moving the stethoscope to the airway kit so we can check place-
ment quickly. All these little things influence our design and construction of
these packs. The current generation, 1think, is very effective. We were able to
demonstrate that ACLS could be delivered with this kit. However, some of the

little changes — like moving the stethoscope, like the new IV-access kit —I think
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will smooth out our process a great deal. We have a collar. Part of the ACLS
protocols that we developed (by the way, we call them SCLS protocols for “space
cardiac life support”) suggested — and also as a result of working group meetings
- that spinal stabilization may not be necessary. We've determined that, unless
there’s known or suspected cervical spinal trauma, we wouldn't go out of our way
to put a collar on. It’s a little bit more difficult, it’s overhead to your timeline, and
there are other ways that we can stabilize the spine; for instance, getting down
on the medical restraint and using the head restraint. The main thrust would be
for airway management and for keeping the endotracheal tube from slipping
along. But for actual spinal stabilization, generally the cervical spinal injuries
result from gravitational forces, which we won't have up there. That’s one little

change.

Manual pulmonary resuscitator: This probably looks familiar. A pressure
delivery IV device that will, of course, make up for the fact that we won’t have
gravitational flow on our IV sets. At this point for MTC, we won’t have metered
flow. It will just be fluid bolusing and maintaining a line for drug delivery. We
have assorted bandages, rolls, fixative devices, and gloves. There is a small
hypobaric treatment kit, primary assessment kit with Afrin, etc., that the CMO
would have at ready in the chamber. I should mention that the capability for
advanced life support is baselined for the chamber as well. So, everything here
should also work and go into the chamber. The very idea of a single CMO doing
all of this in a chamber during a treatment dive boggles the mind, but we’ve
made that requirement. And certainly, the scenario might be more likely that
the patient would be stabilized first at the HMF if that patient were critical.

Although you want to start treatment as soon as possible, they would hopefully

38



BARRATT:

(Cont’d)

SCHULZ:

BARRATT:

HAMILTON:

BARRATT:

HAMILTON:

BARRATT:

BoVE:

have the appropriate orifices tubed and catheterized before ingress into the air-
lock for treatment. That would become a complex management situation, a

complex assembly situation, for the CMO.

What else is in the kit?

An otoscope, what we call the drit wheels for neurologic assessment, and a pin.

Is the pack going to be opened on a day-to-day basis, between Band-Aids on
minor cuts and bruises and listening to a chest for something, or is there another

set of equipment?

Well, at MTC, the SOMS kit will be there also. And, for a lot of the day-to-day
things — correct me if I'm wrong, John — the SOMS kit would probably be utilized.
We would try not to erack the pack for the very routine things. But, many of
these things we wouldn’t necessarily use during an ACLS scenario. There are
lots of pads, four-by-fours, and bandages in here. And, since there are not a lot

of alternatives up there, I can imagine that this would be available.

Are there fluids in the kit?

We will have 2 L of fluids. There’s 1 L here; there is another one that should be

going in here.

Is that a pneumatically powered device?
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HAMILTON:
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HAMILTON:
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Yes, it is. Again, we don’t have metered flow delivery at this point.

Isn’t that available now?

There are metered devices that, if you keep the pressure up, that’s true. We won’t

have the pump delivery.

Right. But, you'll have a way of controlling the drip.

Right. We don’t have a drip, of course, as long as we keep the head of pressure

there. It won’t be an unattended delivery. The pressure goes down, you need

to pump it up so that it maintains positive pressure on the orifice.

Well isn’t this done also with clips that put pressure on the bag?

Not to my knowledge. Asfar asI know, the pressure on the bag is pneumatically

supplied.

I know that. Another approach to the clip is spring tension on the bag.

Maybe.

The HBO people know about them for the monoplace in small chambers because

they can’t hang anything up. They have gravity, but they don’t have the space.

So, they just throw it on the patient’s chest.
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I don’t know if that had been considered for a recent pack.

We have considered this system because any metered flow device is bulky and

heavy and cannot be contained in a small area.

The drug kit is the ‘ﬁnal subcomponent. Essentially everything that you would
have during a normal ACLS protocol down here: atropine, epinephrine, etc. And
again, we've emphasized in our recent drills endotracheal delivery of whatever
drugs are amenable to that, but rapid IV access is one of the main things we're
looking at right now. There is a suction device — a manually powered suction de-
vice — that we normally place here that is MIA right now; nobody knows where it
is. That’s another thing actually that we need to work on a little bit there. There
is a suction device being developed for PMC by the Umqua Corporation that
maintains its suction continuously. With this device, the Vevac, you pull, you
get suction during the pull; at the maximum pull, the suction stops. And, we've
had some problems with that. So, that may be another area that we want to

improve for the ALS pack.
And, there will be a Lifepack-10 that goes with this thing.
Yes. I'm sorry; I didn’t bring the Lifepack-10 up, but the Lifepack-10 is our base-

line system right now. I'm certainly welcoming any feedback or suggestions that

may go with the ALS pack.
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Airlock Orientation and Restructuring Changes

BARRATT: I would like to introduce Miss Courtney Buck. Courtney is one of the lead engi-
neers in the airlock outfitting world from McDonnell Douglas in Huntington
Beach, California. She will elaborate on the specific aspects of airlock design

after restructuring.

COURTNEY

BUCK: Good morning. I'd like to give you a general overview of the airlock on Space
Station. There are some of you in here that know quite a bit about the airlock
and others that may not be as familiar. So, what you've gotten already this
morning is a good background as to where the airlock fits into the Station and
some of the medical equipment that will be used in conjunction with our hyper-
baric treatments. I'd like to give you a general overview of the airlock. We'll talk
a little bit about the requirements that we work to in designing the chamber: our
equipment lock, our crew lock, the CHeCS medical equipment that we’d expect to
use in the event of a hyperbaric treatment, a little bit about the hatches in our

airlock, and a few details on construction and schedule.

As Dr. Lloyd mentioned, the airlock is an element that will be launched on MB7
and located on the zenith port of node 2 on orbit. [ have a vugraph here of that
location; but I noticed that, in Dr. Lloyd’s package, he had a pretty good picture
of MB7 and exactly where the airlock is located, and you may want to refer to
that. Our airlock has two chambers: there’s an equipment lock, which is the

larger of the two chambers, and a crew lock. The crew lock acts as the hyperbaric

chamber.
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We provide capability for transfer of crew and equipment between the Station
and space; that is really our primary objective as an airlock. We also provide
additional stowage for EMUs, which are the extravehicular mobility units or the
space suits, and we have the means to stow those spares and also to provide ser-
vicing and performance capabilities on the EMUs. We provide atmosphere con-
trol and volume to support campout pre-breathe period, which is something I

think we’ll be talking a little bit more about tomorrow.

As 1 mentioned, the crew lock serves as the hyperbaric chamber. In the hyper-
barics world, the requirements that we work to are out of a document that we re-
fer to asJSC-31013, Rev. C. Right out of the requirements, we need to be capable
of “treating the whole range of decompression sickness problems in one patient
attended by a second crew member.” As youcan see, when we are at man-tended
capability we have four crew members on board. We don’t have a whole lot of
hands. When we’re down one crew member, who's the patient, we put an at-
tendant in the chamber with the patient, we have another attendant outside,

and that takes up three of your crew members right there. So in terms of opera-

tional procedures, there are some interesting issues there.

Qur chamber currently goes up to 2.8 ATA. For those of you who were at the last
ad hoc committee meeting, at that time we were designing a chamber that actu-
ally went up to 6 ATA. That requirement has changed; now we provide pressure
up to 2.8 ATA. Full medical treatment capabilities are provided by the CHeCS
medical transport equipment, which was described a little earlier. The hatch be-
tween the equipment lock and the crew lock has windows whereby we can have

some indirect viewing by the macroscopic imaging camera or another portable
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camera and direct viewing, as well, by the crew members. We also have the

means for communication between the attendants, the patient, and the ground.

Our equipment lock, as I mentioned, is the larger of the two chambers. It's
approximately 289.56 m® (950 £t%). There are eight articulating racks in there,
two on each surface. Just to give you an idea of some of the things that are in the
equipment lock: For hyperbarics, one of the important ones is the hyperbaric gas
and pressurization control assembly. This is our atmosphere control for the cham-
ber. Other equipment that is stowed in the equipment lock includes a medical
pass-through lock and the hyperbaric treatment mask assemblies, which, during
treatment, will be taken out of their stowage and thrown into the chamber. The
EMUs and spares are stowed in the equipment lock, as are the service and per-
formance checkout unit and some of our distributed systems — the data manage-
ment system, an electrical power system, communications and tracking, etc. On
the right side, as you'd be looking from the node, will be the location of the EMUs
on the SPCU, which is the service and performance checkout unit (FIG. 14).
Again, the crew lock will act as the chamber. On the left side (FIG. 15), viewed
from the node, you will get a better view of the rack and the crew lock; there’s

only one rack.

The secondary camera location on the IV hatch in the equipment lock (EL) is
important for hyperbarics; that will give us our indirect viewing through the
hatch. On the left side is more of what is important in terms of hyperbarics. The
EL 2 rack, also known as our hyperbaric support rack (FIG. 16), contains — as I
mentioned before — the HGPCA, which is our atmospheric control. Near the

HGPCA, we have located an ATU, and that’s an audio terminal unit for
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Buck:

(Cont’d)

communications. There is a caution and warning panel up there and a place for
logs and treatment tables. There is stowage beneath — stowage for the masks and

for the medical pass-through.

In the crew lock, there is one rack; the space in this rack is taken up by what we
refer to as HECA, or the hyperbaric environmental control assembly. And, this
controls the COz and temperature and humidity in the chamber. Dan Schimenti
from Lockheed is here this morning to give us a little bit better detail on the
HECA. A section to the right of the HECA rack is for umbilical interfaces with
the space suits. There’s another ATU located in the chamber here, and this may

be moved in the near future.

The diagram (FIG. 15) shows where one of the attendants will be stationed during
the entire length of the treatment, at this rack in the EL. It’s located just adja-
cent to the chamber so that it would provide this attendant with the capability to
view into the chamber while also having control here of the chamber. Again, this
is the HGPCA. We've got a primary and redundant unit. Treatment profiles and
log sheets are in close proximity. I should note also that we’re now using treatment
profile log sheets and we have some dedicated displays on the HGPCA. We used
to have a workstation here that had a computer and access to all the DMS infor-
mation. We no longer have that. So, now we’ve gone to some dedicated displays
on the HGPCA for pertinent information, and the log sheets and treatment pro-
files just on paper right here. We will have access to all the information through

an MPAC somewhere else in the Station, at one of the workstations.
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BuUCK:

(Cont’d)

CoL. THOMAS

WORKMAN:

BuCK:

WORKMAN:

Buck:

Getting down into a little bit more detail, this diagram (FIG. 17) shows a concept
of the HGPCA display and control. We have three timers located across the top.
Located within these boundaries are your chamber controls: you’ve got your
pressurization control, an oxygen concentration control, and then your readouts
close by. The gas supply ON/OFF is your overall ON/OFF for the chamber. These
are depress valves and indicators showing whether it’s opened or closed. We also
have a crew lock equalization valve to be used in a situation where, for some
reason, the guy can’t get out of the chamber. Something’s happened to the other
two crew members that are in the Station, and the crew members need to get out
of the chamber. They have a slow-bleed valve that’s available to them, and that’s

the only control they have available to them in the crew lock. Yes?

You show an oxygen concentration control there (FIG. 17).

Right here.

Right there. That suggests that you can make oxygen at any concentration on

there. Why bother to put that on there when we really onlyneed two concentra-

tions? Why not just a switch?

That is a good question; there are a couple of parts to that answer. Firstof all, let

me ask, when you said two concentrations, what did you mean?
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WORKMAN:

BUCK:

WORKMAN:

Buck:

WORKMAN:

BUCK:

WORKMAN:

Buck:

Air and oxygen.

Okay. The HGPCA is suppled by an oxygen and a nitrogen line. Those are divert-
ed within the HGPCA. We'll get oxygen and nitrogen that will get mixed for
chamber pressurization and then we’ll have oxygen and nitrogen that will get

mixed for the delivery of breathing air to the masks.

Will you start with pure nitrogen?

Yes, from the source tanks.

Not air?

1 have a schematic I can show you, but let me go ahead and address this question
a little further. We have a requirement to provide chamber oxygen in the con-

centration of 18 to 21% for the chamber at all times.

Why is it variable to 100% then on the chamber control side?

Right. That'’s the question. We need to have some kind of detent here. The reason
it’s variable all the way to 100% is because HGPCA will also provide oxygen for
our campout procedure. Our campout procedure is performed down at 70 kPa
(10.2 psi), and we need a 30% oxygen (or 28 to 30% oxygen) environment. And, in
order to establish that environment, we need to pressurize partially with 100%
oxygen. So, the HGPCA itself has the capability to pressurize with 100% oxygen

but, for hyperbarics, that is not used. For hyperbarics, we stay at 18 to 21%. So,
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BUCK:

(Cont’d)

DR. WILLIAM

NORFLEET:

HAMILTON:

BUCK:

WORKMAN:

SPEAKER:

WORKMAN:

this control right here will have some kind of detent on it. You'll actually have to
make a push, pull, turn, some type of detent so you are not allowed to go out of the

18 to 21% range.

Point of information before you go on. That was pointed out to the program, the
potential problems with plumbing pure nitrogen, a non-respirable gas, to this
assembly. And, the program managers reviewed that and decided that this was

the way to go.

There have been hyperbaric chambers — medical ones — built that ran on recon-
stituted air that came from liquid oxygen, liquid nitrogen sources and they
blended it as they went. Not a new idea. But, it does have a whole gamut of

misfortune that can await you.

Col. Workman, does that answer your question?

Partially. I'm still concerned about it.

Let me, if | may, mention one thing. There’s another end where you need to add
pure nitrogen to the chamber, and that is: if you get a leak of the mask, you can
drive the oxygen concentration in the chamber high. And, you'd have to go
through something to adjust it. If you have only air to adjust it, you'd have to

use an awful lot to get it back.

Where's your ventilation control? Or is there a ventilation control?
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BUCK:

HAMILTON:

BUCK:

WORKMAN:

Buck:

SPEAKER:

HAMILTON:

BuUCK:

HAMILTON:

BUCK:

HAMILTON:

The ventilation control is assoctated with HECA.

He’s talking about ventilation in terms of net airflow through the hyperbaric

chamber. I don’t believe, from what I'm seeing here, that you're doing that.

No. We're not.

That’s all in review.

We have air that’s circulated through the chamber, but not a chamber ventila-

tion system comparable to terrestrial chambers.

We can make a point about that, in that there aren’t enough expendables on the

Station to go to that type system.

Does this chamber exchange gas with the main cabin itself?

No, it does not.

Does it throw away gas when it’s finished with it?

Yes. It’'s vented overboard.

That seems a little bit, well, profligate to me. But, maybe people have made

decisions that I am not aware of.
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SPEAKER:

Lou

PANZARELLA:

BUCK:

HAMILTON:

BUCK:

HAMILTON:

BUCK:

Well, when you do a weight trade-off, the weight required to save that gas versus

the probability of using it becomes a bad trade-off.

A year or two ago, we tried to force it to reuse the air, but our suppliers of the air
— Work Package-1 of the Marshall Space Flight Center — did not want any air
from the hyperbaric chamber going back into the Station. They did not want
Station pressure affected by hyperbarics. They thought it probably would be
easier just to dump it overboard than to have to worry about air going back to

the Station.

Right. As a contingency operation, they don’t like that to affect nominal Station

pressure and the balance in the Station.

Hospitals have the same problem with hyperbaric chambers. They don’t under-

stand them and, therefore, they're afraid of them. But, if it’s a weight trade-off

that’s been thought about, then that makes sense.

Yes, it has been thought about. It has been addressed.

That's why you're so concerned in all the procedures with the amount of gas

that’s available.

That'’s used, correct. We have to be as specific as we possibly can when request-
ing these consumables from Work Package-1. We have to ask for a certain

amount of gas to be used in these situations.
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HAMILTON: Are there gas stores for the chamber, for the Space Station itself, that are separate

from these? Is this a separate gas storage bank for the HAL?

BUCK: No. It's the same as used for the Station. There are cryogenic tanks located out-

side the Station.

EDITORIAL COMMENT: EVA prebreathe oxygen is vented directly back to the cabin.

STEVE

REIMERS: You mentioned before, there are some situations where they may need to add
pure oxygen. Now, they’ve got to have some sort of very reliable diffusion
mechanism in the chamber when they’re doing that. Youdon’t wind up with
little pockets of oxygen?

BuUCK: Yes, we do have a circulation system.

SPEAKER: Are there manual controls?

BuUCK: Yes. When you say manual controls, these are the valves to pressurize, so these
are manual.

SPEAKER: The system is basically all manual.

SPEAKER: On the depressurization side, the valves are located in the crew OPS, so they are

electrically linked to the panel on depressurization so that all pressurization

valves on both the breathing gas and the chamber are manual in the panel.
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Buck:

HAMILTON:

BUCK:

HAMILTON:

BUCK:

HAMILTON:

Buck:

Just to finish up the explanation, too, for the breathing gas: There’s a 3-way
toggle switch here, and you're either OFF, you're supplying 100% oxygen, or
you're supplying air. This mixture control comes out of a requirement that has

us providing (I believe it’s) 21 + 2% oxygen as the air mixture.

Well, to go back a little bit to the timers. Isee colons (i.e., HH:MM:SS) in there,
whereas in fact it has been found with experience with diving that running

minutes, not broken down into hours, is a far better way of doing it.

Okay.

Actually, we should be doing this in fortnights so that the time units are from the

same era as the pressure units that you're using.

Okay. But again, this is just a concept right now.

This is a suggestion that at least one of the timers and perhaps a couple of them

should be running minutes.

Okay. A little bit of information about the crew lock or the chamber: It's1.9m
(75 in.) in diameter and approximately 7 m® (250 ft°). It will withstand pressures
from zero to 345 kPa (50 psi), and so will the important hyperbaric equipment
that’s located in the chamber: the HECA, as I mentioned, that controls CO,,
temperature, and humidity; and the breathing masks that will be thrown in
there along with the ventilator and the other medical equipment. We also have

some dedicated pressure and time displays in the chamber for the attendant. The
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BUCK:

(Cont’d)

WORKMAN:

BUCK:

EMU umbilicals, which I pointed out before in the picture, and the depress/repress
control console. The depress/repress control console is part of the EVA operations,

so I won’t be too concerned with that in this discussion.

The diagram shows more detail on the crew lock rack layout (FIG. 18). Note the
location of the HECA. There are two interfaces right here for the breathing masks.
There is a total of four ports to supply breathing gases. Two ports go back to the
primary HGPCA, and the secondary ports go back to the redundant HGPCA for
gas supply. You’ve got a hookup for each of your masks; you're going to have a
hookup for gas supply, gas exhaust, and the communications link. The HGPCA
display panel right here, as I mentioned, will have a timer readout, and this
timer readout will be the same; that is, it will be reading the same thing that the
attendant on the outside is reading. There’s also a pressure display here; and
there will be, as I mentioned before, a valve control for them to depress the
chamber in some kind of an emergency. Normally, all the chamber functions —
depress and repress — are controlled from outside the chamber. This control
would be a last resort. The vent line coming from the bottom of the rack is where
gases are vented into space, and this is both for chamber depressurization and for
the mask exhaust. Our ATU console is part of our communications link. We've
got a grill above the rack; this duct is tied to HECA, and this is where our circula-
tion comes. The DMS power outlets are for the other CHeCS medical equipment

in the chamber to provide the appropriate interfaces.

What type of check valves do you have in the vent line?

Wedon't.
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STEVE

——

FROST:

BUCK:

BOVE:

Buck:

BovVE:

BUCK:

We don’t. We have shutoff valves.

Yes, they're isolation valves. Actually, too, I believe I misspoke. This vent line is
for HECA, and this is for use during CO, removal and water and humidity re-
moval. We have two other lines that are similar to this one for our depress and
our BIB exhaust that aren’t shown here. And, those are the lines you'd be asking
about, and they have isolation valves as does this one right here. Now, when the
chamber isin use as a hyperbaric facility, we’ve got the medical restraint in there.
The medical restraint is attached to the front of the rack, with the patient’s head
being down toward the hatch. The rest of the equipment will be configured around
the chamber. We're planning right now to do a one-g evaluation in the next month
or so out in California in a mockup to find out where to best locate all of this equip-
ment in the chamber. We get pressed for room in there, and, right now, we're not
sure what the best way is to locate all that equipment in the chamber for the most

efficient operations.

What do you do about CO,? I notice there’s no meter for CO,. Is that automatic-

ally scrubbed out?

Yes.

Under feedback controls?

Yes.
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DR. BARBARA

STEGMANN:

BUCK:

STEGMANN:

BUCK:

Do you have anyone breathing on the chamber, or are both your tender and your

patient on a mask?

For oxygen, they are. Nominally, they’ll be breathing chamber air.

Okay.

But they will breathe off a mask when they go to oxygen or in the event that,

for some reason, the chamber atmosphere isn’t breathable. This you’ve seen this
morning already (FIG. 19), but I just wanted to give a breakdown of what is
located in the crew lock and what will stay in the equipment lock. We bring, as

I mentioned, the medical restraint in for the patient. The respiratory support
pack, which is the ventilator and flowmeter, ALS pack, [V pumps, transport
monitor, part of the transport aspirator, the separation containment unit, and
pressure regulation unit are in the chamber. The vacuum pump and power con-
trol stay in the equipment lock. And, there’s a link across the bulkhead. There
are the hyperbaric treatment mask assemblies — which include the mask, a
microphone, and a headset. The defibrillator stays in the equipment lock due to
its electronics, and the electrodes are passed through a bulkhead feed through to

the patient.

A little bit about our hatches (FIG. 20e). There are three hatches total in the air-
lock: one between the node and the equipment lock, one between the equipment
lock and the crew lock, and a third between the crew lock and space. The one

we’re concerned about here mostly is the IV hatch. The hatches use a pressure-
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BuUCK:

(Cont’d)

HAMILTON:

BUCK:

HAMILTON:

Buck:

assisted sealing technique, and our IV hatch can seal on either side of the
bulkhead because, for EVA, you want it on one side; for hyperbarics, you want it
on the other side. And, the IV hatch also has an accommodation for a medical
pass-through lock, in case you forgot something, or to pass through food or pass
out trash, etc. And, this hatch also, as I mentioned before, has two windows: one
for direct viewing by the crew members and the second for indirect viewing by a
camera. Just a few minor details on construction. The airlock will be manufac-
tured in Huntington Beach. It’s all aluminum, and these are the primary struc-
ture components. Isogrid patterns are used for weight savings and strength (FIG.
20f). And, these are three of our major milestones as they currently stand,

launched on MB7 in March of 1997.

Excuse me. Would this be designed so that the thickness and the configuration
and everything are precisely adjusted for the pressure that it’s going to contain?

You have a 345 kPa (50 psi) design pressure rather than 283 kPa (41 psi).

Correct.

But, where will be the limiting factors in pressure capability? Has that been

determined?

Three hundred forty-five kPa (50 psi) is the maximum operating pressure, and
it will be optimized to the extent possible, remembering that the airlock has
several other jobs it needs to accomplish as well. There’s external structure,
there’s micrometeoroid and debris shields that are placed on the outside, and

trusses that are placed on the outside to hold additional structures outside for
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BuUCK:

(Cont’'d)

HAMILTON:

BUCK:

HAMILTON:

BUCK:

HAMILTON:

BUCK:

HAMILTON:

Buck:

NORFLEET:

EVA purposes. That bulks it up a little bit. So like I said, it’s optimized to the

extent that it can be, but hyperbaries is not the primary use.

Today, when someone builds a chamber, they pick a thickness of plate that is

available, and then they form it to the chamber. And, that really dictates what

the pressure capacity of that vessel is.

Okay, I see what you're saying.

The dimensions of it plus the fixed thickness. If you can make the thickness ex-

actly what you want it to be, it can be optimized.

Right. In that sense, it will be optimized.

What I'm getting at is whether we will have a known pressure limit that might,

in fact, be higher than the 345 kPa (50 psi) design limit.

I wouldn't think so. Primarily because they’'re using the 345 kPa (50 psi)as a

design limit.

So the thickness will be adjusted to where that's optimized?

Correct.

That’s especially true of the IV hatch. That’s been whittled on to the point where

345 kPa (50 psi) is indeed its optimal pressure limit.
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BuCK:

HAMILTON:

BUCK:

FROST:

SPEAKER:

FROST:

NORFLEET:

Buck:

HAMILTON:

NORFLEET:

Right. In fact, it helped when we went from 6 ATA down to 2.8 ATA. We did

incur a weight savings there because of the reduced pressure.

The hatches were the big problem.

Hatches are a big thing, yes.

Hatches are big and the wall size factors in also. We went through quite a bit of
an exercise to see if we couldn’t design a relief valve or see what it costs to design
arelief valve to lower the 345 kPa (50 psi) a little bit so they could save the weight

accordingly in the air line.

Do you remember what kind of weight savings that was? Was it between 6 and

2.8 ATA?

I never heard.

I can get you that information.

We have it; [ don’t remember off the top of my head.

Was it a lot or a little bit?

It involved somewhere around 68 kg (150 1bs) and an increase in cost due to

1000 manhours of redesign. So, it saved about 68 kg (150 1bs) and cost about

1000 manhours to redesign.



SPEAKER:

BUCK:

SPEAKER:

BUCK:

SPEAKER:

BUCK:

BARRATT:

DaN

SCHIMENTI:

Don’t you like the factor of safety above that 345 kPa (50 psi)?

The structures and strength people, I'm sure, used some factor and I don’t know

what it is. Any other questions?

Have you considered using thermoplastic?

For the pressure shells?

Yes.

I couldn’t answer that with a Yes or No. But, I've never heard of it.

Okay, thank you very much. We're going to go right into the next presentation.

Dan Schimenti from Lockheed will talk about the hyperbaric environmental

control assembly and elaborate on aspects of temperature and humidity control.

Airlock Temperature and Humidity Control:

Hyperbaric Environmental Control Assembly (HECA)

I'm going to give a brief overview today on the hyperbaric environmental control
assembly that, as Courtney says, is located in the crew lock and deals with main-

taining the temperature, relative humidity, and CO, level within the stated
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SCHIMENTI:

(Cont’d)

WORKMAN:

SCHIMENTI:

WORKMAN:

HAMILTON:

WORKMAN:

SPEAKER:

requirements (fig. 21). Those requirements primarily are: thermal control, be-
tween 18.3 and 26.7°C (65 and 80°F) and not to exceed 45°C (113°F) during the
pressurization intervals; a CO, partial pressure less than 1 kPa (7.6 mmHg), and
not to exceed 2 kPa (15 mmHg) for anything but an exceptional case; relative
humidity between 50 and 95%; and maintaining an airflow for the crew of be-
tween 4.6 and 12.2 m/min (15 and 40 fpm). This environmental control also will
be used during campout, and the specific requirements for that are still being
worked out at McDonnell Douglas. Basically 'though, the thermal and CO, levels
will be the same; and we believe the relative humidity will be at Station nominal

of about 25 to 70%.
When did the specifications for maximum CO, concentration change? In some of
the earlier documents, didn’t it show about 1 kPa (7.6 mmHg) or something like

that? In earlier documents, there was a lower value.

It’s been zero to 1 kPa (7.6 mmHg) nominally, and then a 2 kPa (15 mmHg)

maximum.

And, that’s a surface equivalent of what? About 2%?

Well, 1 kPa (7.6 mmHg) is 1%.

No, the 2 kPa max. That's a surface equivalent of about 2%.

What is the unit of airflow control? Is it cubic feet per minute or is it velocity?
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SCHIMENTI:

SPEAKER:

SCHIMENTI:

SPEAKER:

HAMILTON:

SPEAKER:

SPEAKER:

SCHIMENTI:

SPEAKER:

SCHIMENTI:

SPEAKER:

That’s a requirement right out of JSC-31013, and it’s a velocity measurement.

We are translating that into cubic feet of volumetric flow for circulation within

the crew lock.

Where is that in the JSC document?

That is in JSC-31013, Para. 2512, Part 3, Rev. C.

Well, that's a number that was generated back during Skylab. It’s for comfort.

It's ventilation; it’s velocity over the volume.

That’s been determined to be effective?

Yes. Ifit’s less than 4.6 m/min (15 fpm), you think you're in a closed-up closet.

Is this the time to ask about camping out? Are we going to talk about that here?

I'm perfectly willing to address it here. I don’t really have a presentation.

I'm wondering what you mean by campout at this point.

We are currently baselining a campout scenario for a minimum of 8 hours in the

airlock at 70.1 kPa (10.2 psi).

By airlock, you mean the crew lock.
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SCHIMENTI:

HAMILTON:

SCHIMENTI:

I mean the entire equipment lock and the crew lock together will be completely
open. The IV hatch will be open, and the airlock will be at 70.1 kPa (10.2 psi).

The Station will be at sea level pressure.

Isn’t the Station going to be at 70 kPa (10.2 psi) also?

That’s not my requirement at the moment.

The tables you are familiar with out of JSC-31013 are the extended Table 6 and
followed by nominal Table 6’s (FIG. 22). The patient will be breathing masked at
these 20-minute intervals and will be on chamber air in these 5-minute intervals.
And, the attendant will only be using masks at the final depressurization inter-
vals. We used these profiles and tried to generate a metabolic profile to get a
handle on what kind of loads we would be dealing with for environmental con-
trol, both metabolic, CO,, and total water produced by the crew individuals. We
baselined this as our expected metabolic profile for a worst-case use of the cham-
ber (FIG. 23). We started out at a high BTU level for each individual, and tapered
that off and baselined for the majority of the treatment what amounts to a rest-
ing state. The only requirements we had previous to this were the ECLSS station
24-hour averages. So, we used a profile based on similar kinds of work done on
the EMU or Shuttle to come up with expected load scenarios so we would not
over-design the equipment in our system. We used this profile to come up with
an expected CO, production per individual, in which we used the LESC 41 node
model, oxygen, and CO, production (FIG. 24). And, this model was used for the
Shuttle environments and the EMU configurations, which is the suit life support

systems.
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SCHIMENTI:

(Cont'd)

We are currently baselining this type of expected CO, levels over the treatment
profile. This is for an extended Table 6, roughly 63 hours long. We did a similar
profile, again using the LESC 41 node model, to come up with an expected total
water production per individual (FIG. 25). This takes into account the pressure
effects of the various treatment levels; the steady-state intervals of 283 and

193 kPa (41 and 28 psi). Total water production here is made up of the respira-
tory losses, sweat, and diffusion. The sensible convection varies with pressure,
s0 you get a kind of a flattened-out curve due to the pressure effects. The largest
integrals for both water and CO, are naturally a result of the initial high meta-
bolic level we started out with. We felt it would not be unreasonable to assume a
15-minute interval at a high metabolic level of 250 kCal (1000 BTU) — which is

equivalent to a rapid walking or a very light exercise state.

Basically, what is inside the HECA environmental control unit is a temperature
control loop that consists of a heat exchanger and some fans utilizing the Station
Temperature Control system water loop (FIG. 26). It deals with the delta-temp
from pressurization, the initial spike to get from sea level up to 283 kPa (41 psi),
and the metabolic loads of the individuals and the equipment that are in the crew
lock. It also is responsible for regulating the airflow over the crew people. The
ARCHRS loop — and that’s an acronym that I inherited that is “Advanced Regen-
erable Carbon dioxide and Humidity Regeneration System” - takes care of CO,
and relative humidity. They are linked together; they utilize two molecular sieve
beds that operate in half-cycle tandem to adsorb and desorb to vacuum CO, and
water. Zeolite is a silicon or aluminum oxide that’s doped to create the desired
molecular grid that acts as a trap, if you will, for specific sized molecules. Two

different types of zeolite are used: one is a desiccant to remove water and one
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SCHIMENTI:

(Cont’d)

NORFLEET:

SCHIMENTI:

to trap CO,, which are then flushed by the delta-pressure to vacuum to empty

them for the next half cycle or absorption phase.

There’s a charcoal filter that controls human odors in the chamber. This system
is basieally transparent to the crew. It is run by the Data Management System,
which looks at the sensors for the CO, level, temperature, relative humidity,
delta-pressure, of the fans, and determines fan speeds and, in the extreme, the

cycle times of the valves of the molecular sieve beds to control the environment.

There is also provision for crew inputs for airflow and temperature. The crew can
request that it be warmer or colder and that the airflow be brought up or down
within certain limits. They will have to be input. Control of the system is totally
through the MPAC or the workstation, which currently is located in the node.
And, any changes to the system have to be input to the computer, which will be
monitoring and running the equipment. This is a brief sketch of how these loops
would look should one option we’re currently considering be taken: This would
be a temperature control loop through the heat exchanger, which will either be
controlling temperature by regulating the amount of air through it or regulating
the amount of water through the heat exchanger. And, then there’san ARCHRS
loop that takes air that’s already been cooled, processes it through the beds, and

routes it back out into the chamber removing CO, and water.

Dan, in the latest analysis with two people in the crew lock, in the task internal

characteristics, is it going to be running hot or cold now?

You mean, the crew lock temperature thermal profile?
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NORFLEET:

SCHIMENTI:

ScHuULZ:

SCHIMENTI:

BUCK:

SCHIMENTI:

BUCK:

Yes. I understand there’s been some new work done.

The final analysis of the crew lock temperature profile is being worked by
McDonnell Douglas and we have not as yet received it. And, that will include
the entire heat load for pressurization, the cold soak on orbit, the steady-state

intervals that one would expect. 1don’t have the data yet.

Have you done a scenario with someone at 2.8 ATA doing CPR as far as meta-

bolics are concerned?

No. We have not really come up with any hard evidence for metabolic rates
previously done, and we have ballparked that profile based on anecdotal
discussions with various people at NASA, etc. Ido not have data for an actual

metabolic run of people during a Table 6 event.

That’s one thing I'm interested in, though, to get a feel, and this goes back to our
operations, for what kind of metabolic loads we’ll be looking at. When you say
CPR, you are assuming a pretty high metabolic load from whoever is performing
the CPR. Normally, the general feeling is, “Well, during hyperbaric treatment,
you've just got people sitting in the chamber.” Just to give you an idea, that’s the

general feeling.

Any comments to this would be appreciated.

We're trying to get a better feel for, and come up with a better idea of, what

metabolic loads we should be using. We’re kind of at a loss for requirements
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BUCK:

(Cont’'d)

DR. ANDREW

PILMANIS:

SCHIMENTTI:

WORKMAN:

SCHIMENTI:

WORKMAN:

because they haven’t been done. There are requirements for EVA metabolic

loads, but I'm not sure how those translate to hyperbaric metabolic loads.

At 6 ATA, we used to use four people inside because, doing CPR for a half hour, at

least two of them had to stop from exhaustion.

Part of the problem in generating a higher than 250 kCal (1000 BTU) level on
orbit is the weightless environment. The length of this 250 kCal (1000 BTU)
period we’ve baselined is 15 minutes, with approximately an hour before you get
down to a 125 kCal (500 BTU) level. However, the system design will be able to
handle a higher level for CO2 and relative humidity, and certainly will be able to
handle a higher metabolic heat load. In the EMU suit, they baseline interval_s
where the crew member might be at 400 kCal (1600 BTUs) for short intervals
due to the work that he’s doing out in space, exertion, etc. And, there is a profile
that they’ve put together. It’s similar to this; there are just peaks in different
places. However, if anybody had some additions to what they think we should

be looking at, we would appreciate that.

You design for this metabolic profile. Does that give you the 1 kPa (7.6 mmHg) of

CO2 or what?

The system is currently designed to stay well below 1 kPa (7.6 mmHg). As a

matter of fact, we are currently a little over designed.

What's designed up to this metabolic profile, if anything?



SCHIMENTI:

SPEAKER:

SCHIMENTI:

JAMES

WALIGORA:

SCHIMENTI:

WALIGORA:

BOVE:

The CO, and water production. In other words, the total amount of CO, and
water that we have to remove and the time intervals that they may impact the
1 kPa level or, in the extreme, the 95% relative humidity level (which we're not
going to reach, however), that is what the impact will be. This would entail a
greater CO, rate that we might have to deal with. But, there is a lag time for

the removal of COZ.

There would also be the cooling capacity, I would think.

Yes, but, since the system is designed to deal with a large heat spike during
pressurization, another 250 kCal (1000 BTUs) for another hour is not going to

affect this significantly.

Here’s the question. If you had a case where, during one treatment or something,
you were at 380 kPa (1500 mmHg) or the observer was at 380 kPa (1500 mmHg)
for the whole time, what would it impact? It seems that CO, would go up to 2% in

that one case, [ would think.

The problem would be at CO, level, not heat load and not necessarily relative

humidity either.

Do you think we ought to see what a really worst case would be and how it would

impact them?

I don’t think you’d do CPR for 6 or 7 hours, though, to tell you the truth.
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WALIGORA:

BOVE:

SCHIMENTI:

Bove:

SCHIMENTI:

HAMILTON:

SCHIMENTL:

No.

And, you know, thinking on CPR; I don’t think CPR is much more than two-and-
a-half to three times resting. You've got two-and-a-half times resting built in as

your workload. Also remember, the victim isn’t producing any CO, or heat at all.

He’s comatose.

The provider is probably running at about two-and-a-half to three times, which is

pretty close to where you have it now.

We've currently designed the system to handle this profile times two, each person
undergoing this. Now, it doesn’t really make any difference for the system design
whether this peak occurred in the middle or at the beginning or at the end. How-

ever, this is the kind of max interval that we’re thinking of, and comments to that

would be appreciated.

What do you have to do here? Don’t change your design; change the accepted
limits, because there’s absolutely no problem, as you'll get in the handout from
me later, with letting the CO, go up considerably above 2 kPa (15 mmHg), which
is what you have as your upper limit now. And, you can goto 3 or 4 kPa (22 or

30 mmHg) without any real problem for a short period of time, because it’s going

to catch up after the guy or the people stop working there.

That’s correct.
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HAMILTON:

SCHIMENTI:

HAMILTON:

SCHIMENTI:

REIMERS:

SCHIMENTI:

REIMERS:

SCHIMENTI:

So, you don’t need to worry about it. It’s a problem that you should accept, a

possibility that should be accepted by the system, and not be worried about.

My problem is, I don’t have the luxury of being able to design to that. They stick

me with a requirement and the interpretation of that.

You have designed it adequately, it looks like, from what you’ve shown us here.

Now, in a practical application scenario or in an operations use, we may be able
to state that certain levels will be exceeded given a change in the treatment or
unexpected events so that the levels will get pushed higher. And, this would not
be detrimental to or violate system performance. That is something that may be

written into the document later on.

Those kinds of considerations of what happens, you know, how bad is a thing that
happened to you if you trespass on the limit. Those are the kinds of things that

weigh heavily on your decisions with respect to redundancy.

That’s correct.

If nothing much bad happens, you really don’t need much in the way of
redundancy.

We are currently forced into a two-failure level of redundancy; in other words,
the system has to continue operations after one failure. For instance, if some-

thing should happen in the molecular sieve operation where one bed — due to
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SCHIMENTI:

(Cont'd)

PANZARELLA:

HAMILTON:

SCHIMENTI:

HAMILTON:

SCHIMENTI:

HAMILTON:

SCHIMENTI:

valve or plumbing or etc. — was no longer in operation, the treatment could con-
tinue but it would continue at closer to the 2 kPa (15 mmHg) level. And, that’s
the way we’re interpreting that requirement to continue operation. Now, to be
able to exceed the 2 kPa (15 mmHg) level is not allowable the current way that

the document is written.

As far as redundaney is concerned, the program has set our redundancy levels

for us. We’re not looking at each possible case; they’re just given to us.

How much effort, or how much cost, in your design is because of the tempera-

ture spike on pressurization? Is that the limiting factor on the size of the heat

exchange?

Yes, the initial heat load is our limiting factor.

Is it very big compared to what it would be if you didn’t have that?

Well, yes.

Because that, to me, is relatively unnecessary.

Well, the heat of pressurization, depending on what the final configuration

analysis of the actual crew lock heat coefficients, etc., and its orbital positions

(which will ultimately determine its wall temperature) are, we did some initial

studies about a year ago that indicate that that heat spike could be as high as

5800 kCal (23,000 BTUs) in that initial 2-minute interval. There’s some more
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SCHIMENTI:

(Cont’d)

REIMERS:

BUCK:

REIMERS:

Buck:

recent information and analysis of the crew lock, giving different materials and
orbital conditions, that have halved that level. But that is still in work. That is
the driver for the size of the heat exchanger, is the initial 2-minute level, keeping

it below 45°C (113°F).

On that, you can reduce your thermal loads a lot by making the system design
such that you don’t lose the refrigeration that occurs in the pressurization control
valve. And, people have done this in hyperbarics. If you reconfigure your design
a little bit so that the expansion valve and your pressurization control valve are
physically inside the vessel, you get much less heat. What happens in those situ-
ations is the gas expands across the valve; of course, it gets cold. Well, now you
have cold gas going down a warm pipe going into the chamber, picking up heat

all along the way. Now, when it gets in the big chamber, it pressurizes, it gets
hot. If you can stop the heat pickup along the way and make use of the cooling
that occurs in the primary expansion valve, you get a much lower heat spike on
pressurization. In fact, if you look at the thermodynamics books and you equalize
two vessels, you're at a different pressure to equalize, you come to the very shock-

ing conclusion that temperatures aren’t supposed to change.

Idon’t know what temperature area you're considering as supply. Right now,

we're looking at — 18 to 0°C (0 to 35°F) air for supply.

Coming into the chamber?

Coming into the HGPCA where it’s mixed and then, subsequently, into the

chamber.
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REIMERS:

BucCK:

REIMERS:

FROST:

REIMERS:

FROST:

SCHIMENTI:

Okay. But it's being mixed there. What pressure is it coming into the HGPCA?

It comes in at 2340 kPa (340 psi) and then it’s regulated.

So, it’s a fairly substantial expansion there. The point is, if you can capture the
cooling in terms of the result of that expansion, you’ll cut down on that temper-
ature spike in the chamber by a significant amount. Now, the practical facts of
doing that and the hardware requirement may not be worth it, but that’s a

possibility that’s there.

Here, we have a cost trade-off. What you have to do is move the valve into the
crew lock and make it a remote operated valve, and there’s a trade-off with “How

much more does that cost for saving of the size of the heat exchanger and fans?”

There’s a middle ground in that, if you could just somehow insulate that line so
that gas isn’t picking up heat as it goes into the chamber, you don’t lose. The

main thing is you don’t want to lose the cooling that’s created at the expansion.

Yes, | understand. Well, all of that’s weight, and there’s a big delta-V implica-

tion. It’s a complex trade-off to optimize the system.

We are also faced with significant limits as to how much we can fit in this crew
lock. The crew lock is extremely crowded at the moment, even without people in
it. We are currently trying to make our system smaller. The rack envelope that

Courtney had shown — which is that L-shape on the previous presentation in the
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SCHIMENTI:

(Cont’d)

SPEAKER:

SCHIMENTI:

SPEAKER:

SCHIMENTI:

BUCK:

BARRATT:

BARRATT:

crew lock rack — is approximately 2.13 m® (7 ft%), and we are trying to get that

down to a smaller level. Is there anything else?

Do you all have a requirement for ORU transfer through the crew lock?

Yes, that determines placement of components and the rack size. That’s one of

the limits.

That rack that you're talking about having in there, is that going to have to be

taken out during ORU transfer?

No, all of the crew lock equipment is meant to be untouched during any EVA or

ORU transfer.

That’s one reason that there’s a premium on lowering volume in the airlock - so

that we can accomplish the ORU pass-through.

Thank you, Mr. Schimenti.

Airlock Contamination:

Detection and Thermodegradation Products

The next presentation is by Dr. Tom Limero, who's going to give us a rundown on

contamination issues for the airlock.
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Dr. TOM

LIMERO:

What I was asked to present were some of the contamination and detection issues
dealing with hyperbaric airlock operations. The breakdown of what I'll present
is: the contamination sources during hyperbaric operations; what the most likely
potentially toxic compounds are, what selected monitoring levels we have devel-
oped for those; the detection strategies; what types of technologies are available,
what instrument, .and what some of those characteristics of those instruments are;
some results off of Shuttle dealing with these instruments we have targeted; and

some concerns overall about the entire issue.

It appears that, in the hyperbaric situation, the two most likely sources of con-
tamination are a contaminated EVA crew member or a contaminated ORU
coming in, and the other one is a thermodegradation event (FIG. 27). When we
talk about thermodegradation, we're talking about the whole range of anything
from just kind of overheated wiring to a full-blown fire. The materials that we
consider most likely to be brought in through contamination of a crew member or
an ORU are (FIG. 28): hydrazine, which is found both on the Station and on the
Orbiter when it’s up there; monomethylhydrazine (MMH), which is a Shuttle
propellant; nitrogen tetroxide (N20 J» which is a fuel oxidant (but inside we
expect it to be mostly in the form of nitrogen dioxide); and finally, perhaps,

ammonia, if one of the external cooling loops began to leak.

The maximum levels that would be acceptable — and, of course, in actuality you
would not want to come near the actual highest levels that would be acceptable ~
but the numbers that have been set forth by the toxicologist and have been concur-

red upon by the NRC committee on toxicology, are as follows (with the exception
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LIMERO:

(Cont’d)

of hydrazine, which is still under review): monomethylhydrazine has been
accepted at a very low level; nitrogen tetroxide and ammonia at a couple of orders
of magnitude difference (FI1G. 29). So, what we look atis the risk of one or all of
these being brought into the airlock, and the availability of such compounds in
the areas of likely EVA activity. Questions include how much of it is actually
around, what might be the opportunity to contaminate the crew members, and
what is the stickiness on the suit = how likely is this stuff to get on to the suit and
to stay on the suit long enough for the crew members to bring it into the airlock -
and finally the compound toxicity. When you put all of those together, you come
out with a risk of contamination (FIG. 30) being, in descending order, hydrazine

followed by MMH, ammonia, and, finally, nitrogen tetroxide at the bottom.

For combustion products, we have some experience with this on Shuttle. It’s
important to recognize that, up to this point, we have no evidence that there’s
been contamination brought into the airlock during Shuttle operations. How-
ever, we do have experience of Shuttle thermodegradation events (FIG. 31). We
had one in 1983, where some Kapton wiring fused; on STS-28, a teleprinter cable
paralyzed; and, most recently, in December 1990, we had two DDSs that over-
heated, leading to a degrading of the electronic components. These events, es-
pecially the STS-28 event, got us thinking about what we want to monitor. The
problem with thermodegradation products is trying to figure out what you want
to monitor, because there are so many variables that determine what’s going to
be generated. The obvious question is, “"What materials are burned?” But then,
you get into things like the temperature of the fire, the oxygen content around
the fire, the surrounding materials, and so on (FIG. 32). It comes down to the fact

that you have to target what you're going to measure.
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LIMERO:

(Cont'd)

To be selective, we had to narrow down what we wanted to monitor. We can’t
monitor everything. So, we came up with a criterion; the toxicologist set the task
on this (F1G. 33). Basically, we looked at the quantity that might be generated;

in other words, “Do we have a lot of a particular toxic compound generated off a
particular material?” And, “What materials on spacecraft are most likely to be
the ones that are degraded?” So, we're looking for what is of real toxic concern
that could be generated in significant quantities on materials that are in a posi-
tion to be thermally degraded on spacecraft. From that, we came up with a list of
five compounds: hydrogen cyanide, hydrogen chloride, carbon monoxide, hydro-
gen fluoride, and carbonyl fluoride (FIG. 34). These come from such materials as
Kapton, Teflon, and PVC (FIG. 35). Of course, all three of them are going to give
off carbon monoxide; Kapton gives off hydrogen cyanide; and Teflon gives off
hydrogen fluoride. Carbonyl fluoride is the fluorine analog to phosgene, and that
also comes off; the carbonyl fluoride comes off Teflon; and then HC1 comes from

the PVC.

Probably the two materials of most interest for airlock considerations are Kapton
and Teflon. Generally, the ranges that we are considering monitoring are for the
acid gases going from about 2 ppm to 100 ppm, and for carbon monoxide measur-
ing somewhat below 10 ppm to 1000 ppm; a bigger range for carbon monoxide
(CO) (FIG. 36). We expect perhaps more of it to be generated. An additional

100 ppm of hydrogen cyanide (HCN) is a lot more of a problem than 200 or

300 ppm of CO. So, we've defined what we need to measure, and what we think

are the most likely problems to occur in a hyperbaric situation.
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LIMERO:

(Cont’d)

We now have to ask, “What can be used to monitor the situation in there if one

of these events should occur?” and be able to detect that event. Basically, for the
desired instrument characteristics, we wanted to be able to monitor as many
compounds simultaneously in real time as possible. Obviously, it will be com-
pact, light, rugged, compatible with microgravity, without external resources,
and highly reliable; and one of the Station requirements is that this be able to
survive a depress cycle (FI1G. 37). Thisis what we were working before we learned
about hyperbarics, so there were no high-pressure constraints. I'll deal with that
in a few minutes. In addition, it should be a portable instrument, and the instru-

ments we're going to talk about are portable.

For the contaminants that we expect from the EVA — the hydrazines, ammonia,
and nitrogen tetroxide or nitrogen dioxide ~ there are really about five available
technologies on the market. These are the major ones (FIG. 38). Indicator tubes:
A lot of people know them better as Draeger tubes. Their sensitivity is just not
going to meet our requirements and their reliability is very much in question,
especially since, for orbit, we would have to repackage them because you can’t
break glass in orbit. Electrochemical: Again, MMH and hydrazine usually can’t
be distinguished. There’s some interference with ammonia, not a major problem,
but again it doesn’t get down to the required levels. Mass spectrometer: Itisa
much more complicated, power-hungry instrument that probably cannot get
down to the levels required. Colorimetric paper cassette: This is a bulky system
and the paper tends to degrade over time, and some moisture/humidity effects
also are a problem. Dosimeter badges: They don’t give you the kind of real-time
updates of what's going on. So, we are left with an ion mobility spectrometer.

This is the unit we’ve chosen.
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LIMERO:

(Cont’d)

This is a prototype unit that was developed out of a military program for measur-
ing chemical warfare agents; in fact, it actually saw duty in the Gulf, and it was
hard to get work done for our own people during that time. But anyway, thisis
very simple. There’s a button here; it’s a one-button operation. You push the
button; there’s an 8-bar display. The more bars you get, the worse off you are.
Note the very simple display. They turn it on, let it warm up for about 2 or 3 min-'
utes, and take off the black cap, and they’re ready to go and get the readings. The
advantages to the ion mobility spectrometer (FIG. 39): It’s got low detection lim-
its. We're looking at less than 9 ppb for hydrazines; we think we can godown to 1
or 2 ppb with some materials engineering. It's rugged. It was developed by the
military to be used in the field, and it’s gone through tests like dropping off the
back of a Jeep going 40 mph and that type of thing. It’s waterproof; you can put it
in water and it’ll come out and be fine. It’s reliable. It’s easy to operate (as I said,
one button), minimal interferences, and it can simultaneously detect hydrazine,
MMH, ammonia, and nitrogen dioxide, although we really haven’t taken a look

at this just yet.

The ranges of performance on the instrument (FIG. 40): The IMS goes from about
zero to 600 ppb for MMH and hydrazine; ammonia is in the low ppm range; lower
detection limit is somewhere below 9 ppb; we haven’t really checked ammonia,
and the resolution is somewhere below 2 ppb. The reason this chart is incomplete
is that it’s very difficult to generate hydrazines down at these low levels. We tried
generating up to about 600 ppb with a new Kentech generation unit, and it took
us 24 hours before we even saw any hydrazine coming through the system. It just
sticks to everything, and it’s very difficult to work down, so that’s why these num-

bers are somewhat nebulous and not really pinned down.
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SPEAKER:

LIMERO:

BovVE:

LIMERO:

What happens if the unit suddenly sees a lot of hydrazine? Do you find that out,

or does it just go blind?

No. It does respond to it. Like any monitor or sensor, you're going to swamp it for
a while. It depends on how much it sees. If you go above the 600 ppb range, if
you're up around 1 ppm, it may take it some minutes to recover. Now, if you go
up to the 50 or 100 ppm range, it may really do a job on the sensor and it may

take you 20 or 30 minutes for it to recover.

Idon’t understand what you mean by sticking. Is hydrazine a gas or a liquid

when it’s contaminating things?

Actually, they're doing some testing at White Sands right now on that. But what
happens is that, from the testing they’ve done at White Sands, it’s a solid form
and it kind of sticks on to the EVA suit. When they come in, I've heard differing
opinions of what happens. That, when you repressurize, it just vaporizes off the
suit. Talking to the people at White Sands, it sounds more like water. If you
have ice and you come inside, you've got snow on your suit from being outside or
whatever; you come in, and it just gradually melts. Some of it turns to a liquid.
And, that’s a real concern because, if it does, it may saturate into the suit and
then you have a real problem. But, as I say I've heard evidence from basically
the same group of people on both sides: one, that it vaporizes as soon as it comes

in; and one, that it is slowly given off.
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BOVE:

LIMERO:

BOVE:

LIMERO:

SPEAKER:

LIMERO:

Your detector is detecting molecules of gas suspended in the air, and so you would
have to assume that the hydrazine would volatilize and it would be drawn into

the sensor.

Right. We assume that; at least, when they come back in and they repressurize,

a portion of it will volatilize.

Then you wouldn’t use your sensor to go over the suits themselves, would you?

Around the suit; but, if they’re very close to the suit, the operational system sce-
nario might be: If they came in and they detected hydrazine, they would then
move that hydrazine sensor around and use it as a kind of a detector to pinpoint

where the problem is.

This thing only works at cabin pressure?

No. In fact, it will work at reduced pressures, but we have not done the testing on
the reduced pressures. We know it works at 70 kPa (10.2 psi) because it’s been on
board Shuttle and it did just fine. So, we know it will go down to at least 70 kPa.
The manufacturer feels, without any problem right now, it'll go down to 34.5 kPa
(5 psi) and operate at 34.5 kPa (5 psi). Beyond that, we don’t have a feel for it. We
can make it so it'll survive space vacuum because it has an outlet to the outside
and it's always equalizing inside the instrument itself. So, you don’thavea
pressure differential where you’re going to blow out gaskets or membranes or

anything like that.
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JAMES

KAUFMAN:

LIMERO:

SPEAKER:

LIMERO:

SPEAKER:

LIMERO:

Are you concerned about a contaminated crew member coming in and, by the
time you’ve detected it with this device, he’s already dirtied the airlock itself?

If he goes back out, he leaves a dirty airlock.

Yes, I don’t think there’s any doubt about that. The problem is that I don’t know
how you're going to detect it on the outside. And, the problem is that when you go
outside, you have a good opportunity to miss the hydrazine. So, you said it’s safe
and the guy’s comingin anyway; and l have not seen any good way, as yet anyway,
to detect on the outside. And, the other problem that you have is that it’s going to
have to be a Yes or a No, because you have no way to quantitate. You don’t know

how much is actually there.

I thought White Sands was also testing a unit to work in vacuum.

They are working on a quadripole unit, but I don’t think that’s the unit that they
will go with. They're thinking about actually an ion mobility time of flight; and
it’s essentially the same as this, only you evacuate it. This one works at atmos-
pheric pressure. The time-of-flight unit works at vacuum. The difficulty is the
same thing. Somehow, you have to get the molecules off the suit and somehow
you have to be able to quantitate them. And, in space it’s going to be very

difficult to do that.

This has not been tested under hyperbaric conditions either, I assume.

No, it has not. And, Idon’t know how it would react under hyperbaric conditions.
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HAMILTON:

LIMERO:

HAMILTON:

LIMERO:

You wouldn’t really need it under hyperbaric conditions. Bleed the sample out of

it.

Right. That’s a possible option.

Would you take a second and tell us how this thing works? Is it like a mass

spectrometer?

It’s similar. Asin a mass spectrometer, the sample is pulled in and you ionize it.
You now have an ion, and you have an electronic gate. That electronic gate letsa
pulse of those ions come through into a drip region. What you’re doing is measur-
ing the time that it takes the molecule to traverse that drip region. That drip
time is key to a particular drip, a particular molecule; each molecule will have a
particular drip time to get through that region. And so, it’s similar to a mass
spectrometer. That drip region has an electric field applied to it, so you're help-
ing move the molecules along. The difference is, in 2 mass spectrometer you're
separating according to molecular weight, and here it's molecular weight and
also the size and shape of the molecule being measured. AslIsaid, this unit works
at atmospheric pressure, so these molecules are going in the opposite direction of
the drip gas. As you go down in pressure, of course, the pressure within the unit
gets lower and lower, and that drip gas gets lower and lower in pressure. If you
get down to vacuum, then you probably need a time-of-flight mass spectrometer.
And there, you're measuring the time of flight it takes the ion to traverse a

vacuum.
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HAMILTON:

LIMERO:

HAMILTON:

LIMERO:

HAMILTON:

LIMERO:

SPEAKER:

LIMERO:

Is there a little pump in there that sucks the gas into it? Then it wouldn’t work in

avacuum.

No, it will not work in a vacuum. That’s the difficulty, even with the other units.
The problem you have is how to get it into the unit. The only available technology
I know that might-work on the outside is like near infrared, where you can actu-
ally scan a surface. The problem is, it just doesn’t have the sensitivity that’s re-

quired; this doesn’t even come close right now.

Are the molecules drifting through air?

Yes.

Then would it be effective if you put it in an environment that has a different

composition than air?

In terms of different composition, do you mean totally different? Are we talking,

70, 80, 80:20 versus 70:30, because that will not make any difference.

That won’t make any difference?

No. What’s going to make a bigger difference is the increased pressure, because
the increased pressure is going to cause them to drift slower through that region.
What that’s going to do is broaden your peaks a little bit, so you’re going to lose
some sensitivity unless you go to a peak width. At 70 kPa (10.2 psi), we saw just

the opposite; we got more sensitivity on peak height and nice sharp peaks, but
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they came quicker through the drip region. That is going to be your limiting
factor as to how low this can actually detect because, eventually, the peaks are

going to come faster than your electronies can keep up with them.

For combustion products, what we have developed is a combustion products
analyzer. This has been flying on board Shuttle for about a year. Itisa very
simply operated instrument. All the crew has to do is turn this button. They can
scan and they'll look at HF, HC], HCN, and CO; it'll just go from one to the other
automatically or, if they want to, they can sit on a particular compound. It'll also
indicate low flow, low battery. The alarm is disabled right now. The inletisa
particulate filter. Inside, essentially what you have is a small diaphragm pump
that pulls air over the sensors = HCN, HC], HFCI (FIG. 41). We're in the process
of testing HF, but we believe HF will pick up the COF, as well. If there’s any
moisture at all in the air, it’s going to go to HF, so we feel this sensor will serve
that purpose as well. These normally work in a passive mode, but we use a pump
to improve our response and recovery times. And so, the pump only has to main-
tain a very minimal phase velocity over the pump. We go about 800 m/min. This

is a little bit better characterized at this point.

As you can see, the ranges are within the monitoring levels that we need (FIG.
42). The ranges go from zero to 100 on the acid gases and from zero to 1000

on CO. Resolutionisaround 0.1 and 1 ppmon CO. The accuracy says £5%,

but that is limited by the method that we use to calibrate them, and that accu-
racy is certified at £5%. The exception is CO. For CO, we use bottle standards
that are certified to a much more stringent accuracy, and you’ll see we get +2%.

So, that’s more appropriately where the sensors fall. And, as you can see, the
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(Cont’d)

repeatability, which is not affected by the certification of the standards that
we're using, does come in about +2%. Response time is good. HF is a little bit
long; that’s because that’s an indirect reaction. These are all electrochemical
sensors, and they are all oxidation reactions except for the HF, which is an indi-
rect acid reaction, I think, with iodide and is then reduced. We're working to

try and get that reaction time down.

We have flown the hydrazine monitor on one Shuttle mission, the purpose of the
mission being to look at pre- and post-flight calibration and see how well it stayed
in calibration (FIG. 43). That also gives an indication of the precision and accu-
racy you can expect out of this instrument when we fully characterize that. You
can see that this did very well. We’re looking from zero to 600 ppb, and that’s a
pretty good pre- and post-flight. You’re looking at about 2 months in between
those two calibration lines, and a lot of “shake, rattle, and roll” in the meantime.
In addition, we did get back a data logger on this instrument, and we did look at
the spectra that came back. We’ve not seen any hydrazine during this mission; it
was not expected. It was a low-risk type of mission. We did see what we think is
a little bit of ammonia present, which would’ve probably been 1 or 2 ppm, but
that was it. From the spectral analysis, we could tell that this instrument was

functioning fine, both at sea level and at 70 kPa (10.2 psi).

The CPA just pulled one mission. This was an extremely nice crew. We asked
them to take one measurement and they took three measurements all the time.
They took measurements on the middeck, the flight deck, and this was the SLS-1,
and they took measurements in the laboratory as well. What you can see is that,

basically the CO level or the sensor reading remained fairly constant (FIG. 44).
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(Cont’d)

We do know on the CO from previous flights that we have a hydrogen interfer-
ence, and that’s why you're seeing the CO levels being elevated a little bit. But,
we have worked on that, and we're down now to where we’re getting a hydrogen
cross sensitivity of at least 10:1. So, it’s taken about 10 ppm of hydrogen to give
us one reading — 1 ppm on our sensor. We're working to overcome that to get it
down to zero. On this mission, you're looking at about 100 or so ppm of hydrogen,.
which is about right for a 10-day mission because the lab was doubled. We'd nor-
mally look for 200 to 300 ppm of hydrogen on a mission of this length and with

this many people. And, that’s all metabolic as far as we can determine.

The other sensors, again — HCl, HF, HCN - showed that readings from the mid-
deck, the lab, and the flight deck were basically similar (FIG. 45). Again, thisis
all below 1 ppm, which is probably the lower range that this instrument will
really look at. This may be real, this little elevation on the HCI, but we don’t

know for sure.

The last thing that I want to mention is some concerns I have, some questions
from our perspective (FIG. 46). One is that, as I mentioned in the beginning, I
put up a list of instrument characteristics and, when we were developing these
instruments, we weren't thinking about hyperbarics. And so, none of these in-
struments has been thought about or considered for certifying for hyperbaric
conditions. Probably more important is that the calibration at hyperbaric con-
ditions is going to be a problem. I think there are ways around it. Regarding the
CPA, for instance, one of the ways we get around calibration of an electrochem-
ical sensor is to actually have pre-calibrated sensor blocks, so they just pull out

one sensor block and put in another one and it’s ready to go. You might have
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BOVE:

LIMERO:

one of those sensor blocks that has specifically been calibrated for the hyperbaric
condition; that is, if you're going to be at one pressure. Now, if your pressure is
going to wander all over the place, that’s going to create some other problems.

These two lead to a cost impact.

The third thing that I'll leave you with is that I think you have the potential to
contaminate the airlock one way or the other, whether it be thermodegradation
or through an EVA crew member coming in. Ithink you've got to be thinking
about how would you clean up in there. How would it be done? What provisions
would be made for decontaminating the airlock? Because our experience from
Shuttle over the last 2 or 3 years has been that you can plan and you can do the

best you can, but it just seems that Murphy kind of flies on along. Any questions?

I guess one of the concerns we have, as you're talking about detecting background
contamination, is the scenario where an instrument fails, some wires burn, and
HCN or HF is released into the air in fairly large amounts. There ought to be
some process that allows people to quickly protect themselves from breathing the
gases while they go around getting their detector ready. Ijust wonder whether

that'’s been considered.

Right. On Space Station, the CPA will be a first-alert instrument to do just that,

to serve as a first alert to catch something before it does become a major incident.
But, sometimes if you have a short and this stuff pyrolyzes in a hurry, you're still
going to be well above levels that you consider safe. I presume —~andIdon’t know,

Mike may be able to answer that better than I, but I know for Shuttle - they are
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working on a quick-don mask and that that work will flow over into the Space

Station Program.

The SMAC value for hydrazine on the 1-hour level is 5 and your detector range is
zero to 600 ppb. Can you relate that to a patch of hydrazine on a suit outside? Or,

what are we looking at? What is the detector capable of measuring?

You didn’t ask me the question I thought you were going to ask, but I think I can
answer by telling you the question I thought you might ask. If you'll notice,
there’s a big discrepancy between the MMH and the hydrazine, between the
detection levels. And, part of that is that there was a study done at White Sands
with MMH where they had one breath of MMH, one sniff of it, that caused nasal
lesions. The toxicologists poured over that study and they could not find any-
thing fundamentally wrong with it. You tend to think, “That just seems unus-
ual,” but the study was very well done. For hydrazine, there was no such study
done. After MMH, they stopped that. So, they set the limits higher, but that is
under review and that limit is going to come down; 1 don’t think there’s any
doubt about that. How much it’ll come down remains to be seen, but I think
you’ll see a much, much lower hydrazine limit when they finally get setin. I
think I did the calculation, and it was around 0.1 ppm; it was in the milligram
range for the Shuttle airlock. Now I may be wrong; it's been a while, and I don’t
remember exactly. But, I think it was in that range. Five ppm in the airlock
isn’t going to translate into grams of material. You're going to be looking ata
very small quality. And for MMH, when you look at 0.002 and, unfortunately
(if you notice that’s 0.002 all the way across, which includes the 1-hour SMAC),

that’s a small amount. And, that’s the other thing. That amount probably is
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HAMILTON:

LIMERO:

HAMILTON:

LIMERO:

going to be very difficult; visually, you're not going to see it. Dr. Johnson at White
Sands is pretty adamant about the fact that it’s going to be very difficult to visu-

ally see white hydrazine on a white suit, and I would probably agree with him.

What is the requirement to use this instrument in hyperbaric pressure, under

hyperbaric conditions?

Do you mean, either one?

Either one, yes.

Right now, I think the changes are in the works. There is no requirement now for
us to have that instrument working in those conditions, and that’s why the orig-

inal instrument constraints that I put up did not include hyperbaric.

But, if there were a fire and you wanted to look and see what’s in the chamber,
you would have to put this instrument through the lock into the chamber. You

couldn’t bleed the gas into some space. Otherwise, it would go into the cabin.

Yes, right. And not only that, we had talked a little bit about sample lines, but
sample lines become a real problem when you get down to the low levels. In fact,
I imagine the scenario would run that you would actually have this in during
your hyperbaric processes so that you would not have to open up at any time to
pass this through. So that as a standard procedure, when you started doing

hyperbaric operations, you'd have the CPA in there.

127



PANZARELLA:

LIMERO:

PANZARELLA:

LIMERO:
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You're coming back in from EVA and, should you detect something with the
sensor, how would you take care of the contamination on the suit? Would you

take care of it inside the airlock, or would you have to go back outside?

Right now, the way in which it’s done is that: If they detect it, they go back out,
and, if they visually see it, they have a brush that looks kind of like a paint brush
with which they can brush the hydrazine off. But, as we said, I think you prob-
ably have to have a lot on you to be able to see it. If they came in and there was
hydrazine detected on the suit, the way in which the protocols are written right
now is that they go back out again and they bake for an hour or two. They turn

to the Sun and bake it off, then they come back in.

Well, I'm more concerned about a patient with decompression sickness. I know,

it’s like a double failure.

Yes, it is. But, I think if he comes in with hydrazine on him - I’'m not a medical
doctor, but you'd probably have to make a decision of which was more dangerous.
And, probably the bends would be the thing you would take care of, would be my
guess. Try to clean it up inside, because the real problem with hydrazine is the
cancer causing potential of it, so that may be years down the road where, if he has

the bends, that’s probably pretty immediate.

This potential liquid form of hydrazine, do you know much about it? If it became
a liquid form — say the suit somehow contaminated the crew lock, then he decided
he could go through his hyperbaric treatment — is there a possibility for that to

vaporize because of the increased pressures there?
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LIMERO: Idon’t think it would vaporize. The hyperbaric conditions, I would think, would
lessen the chance that it would vaporize off the suit. On Shuttle they have some
cleanup towels, and I'm not sure exactly what those are made of, but they’re used

to sop up any hydrazine. But, that’s kind of a primitive method of doing it.

SPEAKER: Is carbony! fluoride detected in the HF channel?

LIMERO: Yes. We're in the process of testing that but, with all indications, there’s no reason
to believe that that shouldn’t be because, again, COF, goes immediately to HF in
the presence of any kind of moisture. So, if you're in any kind of humidified air it’s

going to go to HF.

REIMERS: I'm under the impression here that, if an astronaut is out with the bends and you
get him into the equipment lock, you get him out of his suit and then back into
the hyperbaric chamber first without doing anything hyperbaric, so all this stuff
that’s coming in on his suit is going to be more an equipment lock problem than a
hyperbaric problem. It may contaminate the hyperbaric chamber on the way

through, though.

WORKMAN: If it’s under the physiological response to surface equivalent, it’s going to be en-
hanced under hyperbaric conditions. And so, a given amount of contaminant,
perhaps, will be more physiologically reactive and I don’t know how that needs

to be factored in with your alarm limits.

LIMERO: Yes. I'm glad you brought that up, because I meant to mention that. That'’s true;

for none of the limits that I have mentioned, either for the combustion products or
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WORKMAN:

LIMERO:

HAMILTON:

LIMERO:

BARRATT:

the hydrazine, have hyperbaric conditions been looked at. They put a lot of cor-
rection factors for space flight in there 